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PREFACE. 



The rapid progress of the science of astronomy, for the \wn 
few years, has again rendered it necessary to revise the Gfeo- 
ffraphy of the Heavens — a work, the popniarity of which is snflB- 
ciently proved by a sale of 300,000 copies. The editor has, 
therefore, availed himself of the occasion to make snch improve- 
ments, both in the book and maps, as seemed to be demanded by 
the progref?s of the science, and the most approved methods of 
instraction. Among these improvements we may mention the 
following : — 

1. The matter of the book has been thoroughly assorted ; the 
most important paragraphs being printed in large type, and 
nambered, as in most modern text-books ; while that which 
seemed in the main explanatory of the more important portions, 
is left in small print. By this means an agreeable variety is 
afforded to the eye, while the book is made to contain far more 
matter, and is, consequently, far more complete, than it could 
otherwise have been. 

2. A new set of Questions has been prepared throughout. 
These are brief, topical and suggestive ; and numbered to 
answer to the paragraphs to which they relate. 

3. A complete list of Telescopic Objects in each constellation 
has been inserted ; giving the Right Ascension and Declination 
of each object ; with a brief description of it ; and easy land- 
marks and directions by which it may be found ; and references 
to telescopic views of the same in the new maps. The color and 
relative magnitude of the components of the double stars, are 
also given. These Telescopic Objects, compiled with great labor 
from Smythh Cycle of Celestial Oljeds, will be found especially 
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▼alaable to all institutions having an eqaatorial telest.ope 
Indeed, they greatly enhance the value of the work for al 
classes of students. 

4. Several small constellations that were delineated on the 
maps, but were not described in former editions of the book, 
have been described, and their history given in the preseni. 
edition. 

5. The page of the book has been greatly enlarged, for the 
double purpose of printing more matter and in larger type : 
and to afford scope for wood-cut illustrations. Of these, great 
numbers have been introduced into the second part of the work, 
adapting it, in this respect also, to the wants of both teacher 
and student. 

6. Still further to illustrate the second part of the work, the 
first map of the atlas has been re-drawn and re-engraved, so as 
to illustrate more and better than the old map. 

7. Two entirely riew maps have been introduced into the Atlas, 
containing views of eighty different celestial objects ; such as 
Double Stars, Clusters, Nebul», Comets, &c. These are 
all referred to in the book, and in turn refer from the objects 
back to the page of the book where they are described. These 
maps and the corresponding descriptions in the book will be 
found not only extremely interesting, but of incalculable value 
to the student. 

8. A cha^Jater on the history, structure and use of Telescopes, 
Transit Instruments, Ac, has been introduced — a subject which 
every student of astronomy should understand, but one to which 
uo attention was given in the previous editions. 

Such are sopi§ of the principal new features of the present 
odit'on — larger type, new questions, telescopic objects, new maps, 
new matter, and numerous illustrations, making it the most per- 
fect and complete text-book of astronomy ever offered to the 
American public. 

H. Mattison 
y^w Torh My 1 806. 
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INTRODUCTION 



1. Astronomy is the science of the hearenlj bodies — ^the San, 
Moon, Planets, Comets, and Fixed Stars. 

2. In entering upon this stadj, the phenomena of the hea- 
vens, as they appear on a clear evening, are the first objects that 
demand oar attention. Oar first step is to learn the names and 
posiiions of the heavenly bodies, so that we can identify, and 
distingnish them from each other. 

In this manner they were obsenredand studied ages before books were written, and it 
was only after many careful and repeated obaerrations, that systems and theories of 
Astronomy were formed. To the visible heavens, then, the attention of the pupil should 
be first directed, for it is only when he shall have become, in some measure, familiar 
with them, that he will be able to locate his Astronomical knowledge, or fully oompre- 
hend the terms of the science. 

3. For the sake of convenient reference, the heavens were 
early divided into constellations, and particular names assigned 
to the constellations and to the stars which they contain. A 
constellation may be defined to be a cluster or group of stars 
embraced in the outline of some figure. These figures are, in 
many cases, creations of the imagination ; but in others, the 
stars are in reality so arranged as to form figures which have 
some resemblance to the objects whose names have been assigned 
to them. 

These divisions of the celestial sphere bear a striking analogy to the civil divisions of 
the globe. The constellations answer to states and kingdoms, the most brilliant clus- 
ters to towns and cities, and the number of stars in each, to their respective population. 
The pupil can trace the boundaries of any constellation, and name all its stars, one by 
one, as readily as he can trace the boundaries of a state, or name the towns and cities 
Trom a map of New England. In this sense, tliere may be truly said to be a Geography 
of the Heavens. 

4. The stars are considered as forming, with reference to 

1. What is Astronomy? 2. What first studied? First step? 8. How are the 
heavens divided, and why? What is a constellation ? What of these figures ? In what 
sense may there really be a " Oeograpky of the heaiaens f ** 4. How are the stars 
classified, as respects their magnitad'^Bf. What expedient for aesignatiny their placet 
tD the heavens? 
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their magnitudes, sixteen classes ; the brightest being^called 
stars of the first magnitade, the next brightest, stars of the 
second magnitude, and so on to the sixth class, which consists 
of the smallest stars visible to the naked eye. The next ten 
classes are seen only through telescopes. 

In order to be able to designate with precision their situa- 
tions, imaginary circles have been considered as drawn in t]io 
heavens, most of which correspond to, and are in the same planu 
with, similar circles, supposed for similar purposes, to be drawn 
on the surface of the Earth. 

5. In order to facilitate the study of Astronomy, artificial 
representations of the heavens, similar to those of the surface of 
the Earth, have been made. Thus, a Celestial Atlas, composed 
of several maps, accompanies this work. Before, however, pro- 
ceeding to explain its use, it is necessary to make the pupil 
acquainted with the imaginary circles alluded to, called the Cir- 
cles of the Sphere, 

CIRCLES OF THE SPHERE. 

6. The Axis of the Earth is an imaginary line, passing through 
its centre, north and south, about which its diurnal revolution is 
performed. 

The Poles of the Earth are the extremities of its axis. 

The Axis of the Htavems is the axis of* the Earth produced 
both ways to the concave surface of the heavens. 

The Poles of the Heaveris are the extremities of their axib. 

The Equator of the Earth is an imaginary great circle pass- 
ing round the Earth, east and west, everywhere equally distant 
from the poles, and dividing it into northern and southern hemi- 
spheres. 

The Equator of the Heavens^ or Equinoctial^ is the great circle 
formed on the concave surface of the heavens, by producing the 
plane of the Earth's equator. 

A plane is ttist which has sorface bat not thickness. The plane of a etrele is that Irna* 
binary superficies which is bounded by the circle. 

1. The Rational Horizon is an imaginary great circle, whose 
plane, passing through the centre of the Earth, divides the hea- 
vens into two hemispheres, of which the upper one is called the 

6. What helps to facilitate the study of the heavens? Circles? Galled what f 
6. Axis of the Eartli ? Poles? Axis of the heavens ? Poles of the heavens? Equator 
of the £arth ? Equator of the lieavenSf or Squ nocCial ? 7. Raiional horison ? S<^n.;t 
bleor apparent? 
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Visible hemispliere, and the lower one, the invisible hemisphoro. 
U is the plane of this circle which determines the rising and 8(*t* 
ting of the heavenly bodies. 

The Sensible or Apparent Horizon, is the circle which termi 
nates our view, where the Earth and sky appear to meet. 

To a person standing on a plain, this circle is but a few miles in diameter. If the eye 
be elevated fire feet, the radius of the sensible horizon will be less than two miles and 
three quarters ; if the eye be elevated six feet, it will be Just three miles. The observei 
being always in the centre of the sensible horiion, it will more as he moTes, and enlarge 
or contract, as hiB station is elevated or depressed. , 

8. The Poles of the Horizon are two points, of whigb the one is 
directly overhead, and is called the Zenith ; the other is directly 
onderfoot, and is called the Nadir, 

Vertical Circles are circles drawn through the Zenith and 
Nadir of any place, cutting the horizon at right angles. 

The Prime Vertical is that which passes through the east and 
west points of the horizon. 

9. The Ecliptic is the plane of the Earth's orbit ; or the great 
circle which the San appears to describe annually among the 
stars. It crosses the Equinoctial, a little obliquely, in two oppo- 
site points, which are called the Equinoxes, The Sun rises in 
^ne of these points on the 21st of March ; this point is called 
the Vernal Equinox. It sets in the opposite point on the 23d 
of September ; this point is called the Autumnal Equinox. One 
half of the Ecliptic lies on the north side of the Equinoctial, the 
other half on the south side, making an angle with it of 23^**. 
This angle is called the obliquity of the Ecliptic, The axis of 
the Ecliptic makes the same angle with the axis of the heavens; ^ 
80 that the poles of each are 23^° apart. 

This angle is perpetually decreasing. At the commencement of the Christian era, it 
was about 28' 45'. At the begiuning of 1836, it was only 28* 27' 88', showing an annual 
diminution of about half a second, or 45'.70 in a hundred years. A time will arrive, 
however, when this angle, having reached its minimum, will again increase in the same 
ratio that it had before diminished, and thus it will continue to oscillate at long periods, 
between certain limits, which are said to be comprised within the space of 20* 42'. 

10. The Ecliptic, like every other circle, contains 360°, and it 
is divided into 12 equal arcs of 30° each, called signs, which the 
ancients distinguished by particular names. This division com- 
mences at the vernal equinox, and is continued eastwardly round 
to the same point again in the following order : Aries, Taurus, 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Capri' 



8. Poles of the horizon? Vertical circles? Prime Vertical ? 9. Ecliptic? Equi- 
noxest How is the Ecliptic situated with respect to the Equinoctial? Obliquity of 
ftc/iptic? Is this angle permanent? 10. How is the Ecliptic divided? Where com* 
mcuced, and how reckoned ? Name sigi i in order ? How does the Sun proceed th" > jgb 

th . signs ? 

1* 
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corjius^ AquaHuSf Pisces, The Snn, commencing at the first 
degree of Aries, about the 21st of March, passes, at a mean 
rate, through one sign every month. 

11. The Zodiac is a zone or girdle, about 16 degrees in breadth, 
extending quite round the heavens, and including all the heavenly 
bodies within 8® on each side of the ecliptic. It includes, also, 
the orbits of all the planets, except some of the asteroids, since 
they are never seen beyond 8° either north or south of the ecliptic. 

12. Parallds of Latitude are small circles imagined to be 
drawn on the Earth's surface, north and south of the equator, 
and parallel to it. 

Parallds of Declination are small circles, imagined to be drawn 
on the concave surface of the heavens, north and south of the 
equinoctial, and parallel to it ; or they may be considered as 
circles formed by producing the parallels of latitude to the 
heavens. 

13. The Tropic of Cancer is a small circle, which lies 23 J** 
north of the Equinoctial, and parallel to it. The Tropic of 
Capricorn is a small circle, which lies 23^° south of the Equi- 
noctial, and parallel to it. On the celestial sphere, these two 
circles mark the limits of the Sun's farthest declination, north 
and south. On the terrestrial sphere, they divide the torrid from 
the two temperate zones. That point in the ecliptic which 
touches the tropic of Cancer, is called the Summer Solstice ; and 
til at point in the ecliptic w^hich touches the tropic of Capricorn, 
is called the Winter Solstice, 

The distance of these two points from the equinoctial, is always equal to the obliquitjr 
of the ecliptic, which, in round numbers, is 28c' ; but, as we have seen, the obliquity o^ 
the ecliptic is continually changing; therefore the position of the tropics must make a 
correspondent change. 

14. The Colures are two great circles which pass through the 
poles of the heavens, dividing the ecliptic into four equal parts, 
and mark the seasons of the year. One of them passes through 
the equinoxes at Aries and Libra, and is thence called the JHqui- 
noctial Colure; the other passes through the solstitial points or 
the points of the Sun's greatest declination north and south, and 
is thence called the Solstitial Cohere. 

The Sun is in the equinoctial points the 21st of March and the 28d of September. He 
s m the solstitial points the 22d of June and the 22d of December. 

15. The Polar Circles are two small circles, each about 66 J° 



11. What is the Zodiac? 12. Parallels of latitude? Of declination ? 18. Th« 
tropics? Cancer? Capricorn? What do these circles mark in the celestial sphere^ 
0;i ^(> terrestrial ? 14. The Colures? Where situated ? When is the Suii at the equi* 
Loctla* i^.'nts? The volsticial? 16. What are the Polar Circles? 
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nrora the equator, being always at the same distance from the poles 
that the tropics are from the equator. The northern is called 
the Arctic Circle, and the southern the Antarctic circle. 

16. Meridians are imaginary great circles drawn through the 
poles of the world, cutting the equator and the equinoctial at 
right angles. 

Every place on the Earth, and every corresponding point in the heavens, fg considered 
as having a meridian passing through it; although astronomers apply but 24 to the 
heavens, tlius dividing the whole concave surface into 24 sections, each 15* in width. 
These meridians marie the space which the heavenly bodies appear to describe, every 
hour, for the 24 hours of the day. They are thence sometimes denominated Hour Circle*. 

In measuring distances and determining positions on the Earth, the equator and some 
fixed meridian, as that of Oreeuwich, contain the primary starting points ; in the hea* 
vens these points are in the ecliptic, the equinoctial, and that great meridian which 
passes through the first point of Aries, called the equinoctial colure. 

It. Latitude on the Earth, is distance north or south of the 
equator, and is measured on the meridian. 

Latitude in the Heavens, is distance north or south of tl^ edip- 
tic, and at right angles with it. 

Longitude on the Earth, is distance either east or west from 
some fixed meridian, measured on the equator. 

Longitude in the Heavens, is distance east from the first point 
of Aries, measured on the ecliptic. 

18. Declination is the distance of a heayenly body either north 
or south of the equinoctial, measured on a meridian. 

Right Ascension is the distance of a heavenly body east from 
the first point of Aries, measured on the equinoctial. 

It is more convenient to describe the situation of the heavenly bodies by their decli- 
nation and right ascension, than by their latitude and longitude, since the former cor- 
responds to terrestrial latitude and longitude. 

Latitude and declination may extend 90* and no more. Terrestrial longitude may 
extend 180* either east or west; but celestial longitude and right ascension, being reck- 
oned in only one direction, extend entirely round the circle, or 360*. 

It is easy to convert ripht ascension into time, or time into right ascension, foi if a 
heavenly body is one hou: in passing over 15*, it will be one fifteenth of an hour, or four 
minutes, in passing over 1\ 

If the first point of Aries be on the meridian at 12 o*clock, the next hour line, which 
is 15° E. of it, will come to the meridian at 1 o'clock; the second hour line at 2 o'clock; 
the third at 8, Ac. Of any two bodies whose right ascensions are given, that one will 
pass the meridian Jlrst which has the Ua^ right ascension. 

19. In consequence of the Earth's motion eastward in its 
orbit, the stars seem to have a motion westward, besides their 
apparent diurnal motion caused by the Earth's revolution on its 
axis ; so that they rise and set sooner every succeeding day by 
about four minutes, than they d'd on tlie preceding. This is 

16. Meridians? How many? What other name? How measure diytnnccs on the 
earth f lu the heavens? 17. What is latitude on the earth? In the heavens^ 
Longitude on the earth? In the heavens? 18. Declination? Right ascension 
Why describe by D. and R. A.? Extent of latitude? Declination? Longitude and R 
A ? How convert R. A. into time? Which of two bodies given will fir^t p-iss the meri> 
JWu? 19 What a »parent motion of etars? Cau«e? Results? 
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called their daily acceleratioiL It amoauts to just two hours u 
month. On this account we have not always the same constei- 
lations visible to us throughout the year. While some, that were 
not visible before, are successively rising to view in the east, and 
ascending to the meridian, others sink beneath the westerr. 
horizon, and are seen no more, until, having passed through the 
lower hemisphere, they again reaopear in the east. 

^ DESCRIPTION AND USB OF THE MAPS. ^^ 

20. The first map of the atlas represents, upon a large scale, 
» general view of the solar system. This will be more 'fully 
described in the second part of the work. 

The.next six maps represent diflferent sections of the concave 
surface of the heavens. The first of these exhibits the principal 
constellations visible to us in October, November, and Decem- 
ber ; the second, those visible in January, February, and March; 
the third, those visible in April, May, and June ; and the fourth, 
those visible in July, August, and September ; with the excep- 
tion, however, of the constellations which lie beyond the 50th 
degree of north and south declination, of which, indeed, those 
around the North Pole are always^ and those around the South 
Pole, never visible to us. 

21. These constellations are represented on the sixth and 
seventh maps, called circumpolar maps, which are an exact con- 
tinuation of the others, and if joined to them at their correspond- 
ing degrees of right ascension and declination, they might be 
considered as coiistituting one map. The scale on which all the 
above-mentioned maps are drawn is that of a 16-inch globe. 
The lines drawn on the maps have been already defined ; and 
their use, being nearly the same with those in geography, will 
be readily understood. Those which are drawn from right to 
left, on each side of the equinoctial and parallel to it, are called 
Farallels of Declination. Those which are drawn up and down 
through the maps, at intervals of 1 5°, are called Meridians of 
Bight Ascensionf or Hour Circles, 

The scale at the top and bottom of the first four maps, and fn the circumference o/ 
the circumpolar maps, indicates the daily progress of the stars in right ascension, and 
shows on what day of the month any star will be on the meridian at 9 o'clock in the 
r vening. 



20. What said of maps? First? Next six? 81. Sixth and seventh? Scale} 
Describe lines? S'*ale indicates what? 
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22. The first four maps of the heayens are so coustriicteci 
that the pUpil in using them must suppose himself to face the 
south, and to hold them directly overhead in such manner that 
the top of the map shall be towards the north, and the bottom 
towards the south ; the right hand side of the map will then be 
west, and the left-hand east. In using the circumpolar maps he 
must suppose himself to face the pole, and to hold them in such 
a manner that the day of the given month shall be uppermost. 

The constellation called the Great Bear is an exception to this rule ; in this constel 
lation the principal stars are marked in the order of their right ascension. 

That point of projection for the maps which would exhibit each successive portion of 
the Jieavens directly overhead at 9 o'clock in the evening, was chosen, because In sum* 
mer at an earlier hour the twilight would bedim our observation of the stars, and al 
ether seasons of the year it is easier to look up to stars that want an hour of their 
meridian altitude than to those which are directly overhead. 



CLASSIFICATION OF STARS, NEBULA, &o. 

23. For purposes of convenience in finding or referring to par- 
ticular stars, recourse is had to a variety of artificial methods 
of classification. First, the whole concave of the heavens is 
divided into sections or groups of stars, of greater or less extent, 
called Cmistellations, — (Of the origin of these figures see page 
143). Next, they are classified according to their magnitudes^ 
(as already stated art. 4), and designated on the maps accord- 
ingly. Thirdly, the stars of each cmisieUaiion are classified 
according to their magnitudes in relation to each other , and with- 
out reference to other constellations. Thus, for instance, the 
largest star in Taurus is marked a. Alpha ; the next largest i3, 
Beta; the next, y, Gamma^ &c., till the Greek alphabet is 
exhausted. Then the Roman (or English) is taken up, and 
finally, if necessary, recourse is had to figures. 

This useful method of designating particular stars by the use of theOreek and Roman 
alphalset, was invented by John Bayer, of Augsburg, in Germany, In 1608. It has been 
adopted by all succeeding astronomers, and extended by the addition of the Arabic 
notation 1, 2, 8, Ac, wherever the stars in a constellation outnumber both alphabets. 

As G-reek letters so frequently occur in catalogues and maps of the stars and on the 
celestial globes, the Greek alphabet is here introduced for the use of those who are 
unacquainted with it. The capitals are seldom used for designating the stars, but are 
here given for the sake of regularity. 



22. How use the first four maps of the hearens? Circumpolar? YDxbA excepUonf 
What point of projection chosen, and whyT 28 Classification or designation of 
,itars? By whom invented, and when? 
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24. As a further aid in finding particular stars, and especiall} 
In determining their number, and detecting changes, should any 
occur, catalogues of the, stars have been constructed, one of 
which is over two thousand years old. Several of the principal 
stars have specific names, like the planets, as SiriuSj Aldebaran^ 
RegwluSj &c. 

25. The stars are still further distinguished, as singlCj donb\ 
Iripkf multiple^ binary^ variable^ neWj and nebulous, 

A single star is one that appears as a unit under the most 
powerful telescopes. Double^ triple, and multiple stars, are those 
that appear single to the naked eye, but by the aid of telescopes 
are found to consist of two or more stars. Binary stars are 
double stars revolving around each other, often called Binary 
Systems, Variable stars are those that are found to undergo 
certain fluctuations in their brightness, sometimes becoming quite 
invisible. In most cases these changes are periodical and 
regular, on which account they are called Periodical stars. 
New stars are those that suddenly blaze forth in some portion 
of the heavens previously void. Nebulous stars are those which 
are surrounded by a faint nebula, or halo of light or mist. 

26. A duster of stars is an assemblage or group, thrown 
promiscuously together, like the Pleiades and Hyades in Taurus, 
and the Bee Hive in Cancer. A Nebula is a cluster so remote 
as to appear only like a faint cloud or haze of light. Resolvable 
Nebula, are those that can be resolved into distinct stars bv the 
aid of a telescope. Irresolvable Nebula are those that have not 



24. What further aid? Age? Names of stars? 25. Stars, how farther diatin 
pnished? Single stars? Double, Ac? Binary? What other name ? Variable stars. 
What other name and why? New stars? Nebulous? 26. What are clusters? N«bu 
Im? RcsoWable Nebulse? Irresolvable? Annular? Planetary? 
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.i> re- been thus resolved. Annular NehiUa are those that have 
tlie form of an annulus or ring. Plametary Nebula are those 
tliat resemble planets in form, and in the shaqmess of their out- 
line. Stellar Nebula are those with a star in the centre, the 
same as nebulous stars, already described (25). 

A more detailed account of the double stars, clusters and nebnIsB,- will be ifiren after 
the student has become somewhat familiar with the constellations. 

21. We may now imagine the pupil ready to begin the study 
of the visible heavens. The first thing of importance is to fix 
upon the proper starting point. This, on many accounts, would 
seem to be the North Polar Star. Its position is apparently 
the same every hour of the night throughout the year, while the 
other stars are continually moving. Many of the stars also in 
that region of the skies never set, so that when the sky is clear, 
they may be seen at any hour of the night. They revolve about 
the pole in small circles, and never disappear below the horizon. 

On this account they are said to be within the circle of perpetual apparition. On the 
other hand, the identity of the North Polar Star, strange as it may appear, is not so 
easily determined by those who are just entering upon this study, as that of some others. 
For this reason, the point direcU/y overhead^ called the zenith, is preferable, since upon 
this point every one can fix with certainty in whatever latitude he may be. It will be 
alike to all the central point of the visible heavens, and to it the pupil will learn imper> 
ceptibly to refer the bearing, motion, and distances of tne heavenly bodies. 

That meridional point in each map, whose declination corresponds with the latitude 
of the place of observation, represents the zenith of the heavens at that place; and 
th'^se constellations of stars which occupy this position en the maps, will be seen directly 
overhead at 9 o'clock in the evening of the day through which the meridian passes. 
Thus in Georgia, for instance, the starting point should be those stars which are situated 
in this meridian near the 88d degree of north declination, while in New England it 
should be those which are situated in it near the 42d degree. 

28. We might, however, begin with the stars near either ot 
the meridians represented on the maps, the only rufe of selection 
being to commence at that which approaches nearest to being 
overhead at the time required. We have cliosen for our starting 
point in this work that meridian which passes through the vernal 
erjuinox at the first point of Aries, not only because it is the 
meridian from which the distances of all the heavenly bodies are 
measured ; but especially because the student will thus be 
enabled to observe and compare th? progressive motion of the 
constellations according to the order in which they are always 
arranged in catalogues, and also to mark the constellations of 
the Zodiac passing overhead as they rise one after another in 
their order, and to trace among them the orbits of the Earth 
and of the other planets. 

27. What first important in commenc'ng study of the hearens? What star would 
9eem best starting point? Why? Wh> not the best? What point preferable, an] 
why ? ninstration from map. 28. With what stars might we begin ? What raerid<Ht) 
•Jiosea by the author ? Why* 



PART L 
THE CONSTELLATIONS 



CHAPTER I. 
CONSTELLATIONS ON THE MERIDDLN IN NOVEMBER 

ANDROMEDA.— MAP II.* 

29. If we look directly overhead at 10 o'clock, on the 1 iir. 
of November, we shall see the constellation celebrated in fabk 
by the name of Andromeda. It is represented on the map by the 
figure of a woman having her arms extended, and chained by 
her wrists to a rock. It is bounded N. by Cassiopeia, E. by 
Perseus and the head of Medusa, and S. by the Triangles and 
the Northern Fish. It is situated between 20° and 50° of N. 
declination. Its mean right ascension is nearly 15°; or one 
hour E. of the equinoctial colure. 

30. It consists of 66 visible stara, of which three are of the 2d 
magnitude, and two of the 3d ; most of the rest are small. The 
stars directly in the zenith are too small to be seen in the pre- 
sence of the moon, but the bright star Almaack (y), of the 2d 
magnitude, in the left foot, may be seen 13° due E., and Merach 
(i3), of the same magnitude, in the girdle 7° south of the 
zenith. This star is then nearly on the meridian, and with two 
others N.W. of it forms the girdle. 

The three stars forming the girdle are of the 2d, 3d, and 4th 
magnitude, situated in a row, 3° and 4° apart, and are . called 
Merach, Mu, and Nu. 

31. If a straight line, connecting Almaack with Merach, be 

* As the eastward motion of the earth In her orbit causes the sun to pass eastward 
annually around the heavens^ and the constellations to rise earliarand earlier (19), the 
student will find it necessary to proceed eaetnjoard around the heavens, in studying the 
constellations. And as the right hand of the map is west, and the left hand east, we 
bf^gin with the equinoctial colure, map II., and proceed to the left in the order in which 
the constellations successively arise. 



29. What constellation? Maps, and why? (Note.) How Andromeda represented? 
Boundaries? Situation? Right ascension and declination? 80. Number of stara 
Magnitude? Almaack? Merach? "Girdle?" 81 . Situation of Delta ? Magnitude 
Uow otherwise known? Alpherats? Substance of note (fine priut)? 
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produced soutli westerly, 8° farther, it will reach to (S) Delta, 
a star of the 3d magnitude in the left breast. This star may be 
otherwise known by its forming a line, N. and S., with two 
smaller ones on either side of it ; or, by its constituting, with 
two others, a very small triangle, S. of it. 

Nearly in a line with Almaack, Merach and Delta, but curv- 
ing a little to the N. 7° farther, is a lone star of the 2d magni- 
tude, in the head, called Alpheratz (a). This is the N.E. cor 
ner of the great " Square of Pegasus," to be hereafter described. 

It will be well to have the position of Alpherati well fixed in the mind, because it in 
bat one minute west of the great equinoctial colure, or first meridian of the heavens, 
and forms nearly a right line with Algenib, in the wing of Pegasus, 14' d. of it, and with 
Beta in Cassiopeia, 80* N. of it. If a line, connecting these three stars, be produced, it 
will terminate in the pole. These three guides, in connection with the North Polar Star, 
^oint out to astronomers the position of that great circle in the heayens from whieh the 
right ascension of all the heavenly bodies is measured. 

HYTHOLOGICAL BISTORT. 

82. The story of Andromeda, from which this constellation derives its name, is as follows: 
She was daughter of Cepheus, King of Ethiopia, by Cas8ioi>eia. She was promised in 
marriage to Phineus, her uncle, when Neptune drowned the kingdom, and sent a aca 
monster to ravage the country, to appease the resentment which his favorite nymphs 
bore against Uas»iopeia, because she had boasted herself fairer than Juno and the 
Nereides. The oracle of Jupiter Ammon was consulted, and nothing could pacify the 
anger of Neptune unless the beautiful Andromeda should be exposed to the sea monster. 
She was accordingly chained to a rock for this purpose, near Joppa (now Jaffa, in Syria), 
and at the moment the monster was going to devour her, Perseus, who was then return- 
ing through the air from the conquest of the Oorgons, saw her, and was captivated by 
her beauty. ' 

^ Chained to a rook she stood ; young Perseus stay'd 
His rapid flight, to woo the beauteous maid." 

He promised to deliver her and destroy the monster if Cepheus would give her to 
him in marriage. Cepheus consented, and Perseus Instantly changed the sea monster 
into a rock, by showing him Medusa's head, which was still reeking in his hand. The 
enraged Phineus opposed their nuptials, and a violent battle ensued, in which he, also, 
was turned into a stone, by the petrifying influence of the Gorgon's head. 

The morals, maxims, and historical events of the ancients, were usually communicated 
in fable or allegory. The fable of Andromeda and the sea monster might mean that she 
was courted by some monster of a sea-captain, who attempted to carry her away, but 
was prevented by another more gallant and successful rival. 

TELESCOPIC OBJECTS. 

38. Under the head of Telescopic Objects, will be included dusters and nebulis that 
are visible to the naked eye, as well as the principal ol^ects of interest that are strictly 
telescopic. In describing the location of these objects, R. A. will denote Bight Ascen- 
sion; and Dec, Declination. The initials N. and S. will indicate whether the 
declination is North or South of the equinoctial. 

In describing the location of the telescopic olitfect, the R. A. will be given in time , 
viz., in hottrs^ miy»u^, and seconds^ instead of degrees, minutes, and seconds: each 
hour answering to 15°. The hour circles are listinctly drawn on all the maps, the first 
being 15** east of the equinoctial colure (Map il.), and so on eastward to the same point 
again. The hours will be seen marked just under the equinoctial, which is marked ofl 
iHto degrees, each of which answers to four minutes of time. The student will soon find 
it much more convenient to reckon R. A. by Aaw«, on the maps, than by degrees, Ac. 

82. History .—What may it have meant ? 

88. What included among Telescopic Objects ? What meant by R. A. ? Dec. ? N. and 
S. ? How R. A: laid down ? How on map ? What mode of describing components of 
double stars? Of a Andromeda? Of discrepancies between R. A. given, and loca* 
tion of stars on the c:«ps? How is R. A. given in locating ofc^lects? Why? Ho« 
are h/mrs marked on tho maps? The minutes? 
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84. In consettuence of the perpetual rei'eMion of the eqamozes westward, the R. A. 
of objects it constantly increased by about 60' per year. It is vain, therefore, to attempt 
ft give R. A. for the timewTien dt bookwiU he us^f or to construct maps that will 
bI.ow objects in their true place, for different years to come. The necessary allowance 
jiust be made in all cases ; so that the R. A. for one epoch is about as good as another. 
The R. A. here given is from SnvytJi'a Celestial Cycle^ epoch Jan. 1, 1840. Maps should 
be re-engraved every fifty years, but for all shorter periods allowance can be made by 
the student. As the maps accompanying this work were drawn and engraved in 188C, 
their present R. A. (1864) is about 17' or 4m. of time east of their places on the maps. 

85. The order in which the telescopic objects will be arranged is first the double stars; 
secondly, clusters ; and lastly the nebulie. The double stars will be classed according 
to their order in the respective constellations ; l.e., a first, fi next, Ac. Thus, as th.e 
largest objects are first named, the student can begin with those easiest found, aad 
requiring the least telescopic power ; and proceed from the easier to those more diffi- 
3ult. The same plan is generally pursued with the clusters and nebulas. 

TELESCOPIC OBJECTS IN ANDROMEDA. 

1. a Anbromedjb (Alpheratz) — A star with a minute companion, R. A. Oh. Om. 08s. . 
Dec, N. 28' 12' 06". A. 1, bright white ; B. 11, purplish. On the map it is weH of the 
equinoctial, the map having been engraved some twenty years; but the equinox having 
constantly receded westward, had passed Alpheratz before 1840, some 8*. Similar dia* 
crepancies between the R. A. given and the location of different stars on the map, ar« 
due to the same cause. 

2. fl Anorombd/b (Merach) — A bright star with a distant telescopic companion, R. A. 
Ih. 00m. 4Ts. ; Dec, N. 84" 46' 08". A. 2, fine yeUow ; B. 12, pale blue, with several smaU 
stars in the field. * ,i. kj 

8. y Akdrombdjb (Almaack) — A splendid doublb star on the right foot, R. A. Ih. 04m. 
36s ; Dec N. 41* 88' 06'. A. BH^ orange color ; B. 6J<, emerald green. Found by a line 
from (5 to /3, and about twice as far beyond. (Map VIIL, Fig. 1.) 

4. J ANDROMKDiB— A bright star on the right breast, with a distant telescopic com- 
panion, R. A. Oh. 80m. 47s. ; Dec, N. 29« 69' 01'. A. 8, crange ; B. 11 J<, dusky ; with the 
small stars in the southern part of the field. 

6. K AsDROMBDiB— A Wide, but delicate triplk swr. In the northern hand ; midway 
between /3 Pegasi and a Cassiopeia ; or about 18" from each ; R. A. 28h. 82m. 88s ; Dec, 
N. 48- 27' 0'. A. 6, brUliant white; B. 14, dusky; C. 12, ash-colored. „ ... o^. 

C. An Eldkqated Nebula on the lady's right foot, R. A,2h. 12m. 858. ; Dec, N.41 w . 
It was discovered by Miss Caroline Herschell, in 1T88. Sir William Herschell described 
it as having " a black division or chink in the middle." He regarded it as a flat ring 
of enormous dimensions, seen very obliquely. Captain Smyth says; »» In my telescope 
it is certainly brighter at the edges than along the central part." See map vIII., Pig. 21. 

7 About 2' from Nu at the north-western extremity of the girdle, R. A. 00" 84m. Cos.. 
N. Dec, 40* 28' 06', is a remarkable nebula of very minute stars, and the only one of 
the kind which is ever visible to the naked eye. It resembles two cones of light, joined 
at their base, about %* in length, and H' in breadth. It was known as far back as A.D. 
905, is of an oval shape, and is described by Smyth as « an overpowering nebula, with 
a companion about 25' in the south vertical." Sir William Herschell considered this the 
nearest of all the great nebulas, and yet so remote that it would require 6,000 years for 
light to pass from it to our system, though flying at the rate of 190,000 miles per second I 
Fig. 22, map VIIL, is a representation of this object. 

PISCES (the fishes).— map V. 

36. This constellation is now the first in order of the tweWe 
constellations of the Zodiac, and is usually represented by two 
fishes tied a considerable distance apart, at the extremities of a long 
undulating cord, or ribbon. It occupies a large triangula r space 

84 What said of tV i change of R. A of ottfectsT Cause? Epoch of R. A. given ii. 
book? Of that marked on maps? Allowance to be made in finding objects by maps 
»5 Order in which objects are presented ? Advantage of this arrangement T 

TELWOOFioOBJBCT8.-What double stars? a? /3? >? What clusters cr nebulw 

;jhawii on map, or not? ^ ,„ , .i a • 

U PiRei? Where situated? What now eattol * 
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lU the heayenSy and its oatline at first is somewhat difficult to be 
traced. 

In eoDseqaence of the annual precession of the stars, the eonsMlaUon Pisces has now 
oome to occupy the tign Aries ; each constellation haying advanced one whole sign In 
the order of the Zodiac. The Sun enters the sign Pisces, while the E^rth enters that of 
Virgo, about the 19th of February, but he does not reach the congteUatian Pisces before 
the 6th of March. The Fishes, therefore, are now called the " Leaders of the Celestial 
Hosts." — See Aries. 

37. That loose assemblage of small stars directly south of 
Merach, in the constellation of Andromeda, constitutes the 
Northern Fish, whose mean length is about 16°, and breadth, 
7°. Its mean right ascension is 15°, and its declination 25° ^. 
Consequently, it is on the meridian the 24 th of November ; and 
from its breadth, is more than a week in passing over it. 

38. The Northern Fish and its ribbon, beginning at Merach, 
may by a train of small stars, be traced in a S. S. easterly direc- 
tion, for a distance of 33°, until we come to the star £1 Rischa, 
of the 3d magnitude, which is situated in the node, or flexure of 
the ribbon. This is the principal star in the constellation, and 
is situated 2° N. of the equinoctial, and 53 minutes east of the 
meridian. 

Seven degrees 8. E. of El Rischa, passing by three or four very small stars, we come to 
Mira, in the whale, a star of about the 8d magnitude, and known as the ** Wonderful 
Star of 1596." El Rischa may be otherwise identified by means of a remarkable cluster 
of five stars in the form oi 9k pentagon, about 15* £. of \i.—See Cetus. 

39. From El Rischa the ribbon or cord makes a sudden 
flexure, doubling back across the ecliptic, where we meet with 
three stars of the fourth magnitude situated in a row 3 and 4° 
apart, marked on the map Zeta, Epsilon, Delta. From Delta 
the ribbon runs north and westerly along the Zodiac, and termi- 
nates at Beta, a star of the 4 th magnitude, 11° S. of Markab 
in Pegasus. 

This part of the ribbon, Incloding the Western Fish at the end of it, has a mean 
declination of 5* N., and may be seen throughout the month of November, passing tho 
meridian slowly to the W., near where the sun passes it on the 1st of April. 

40. Twelve degrees W. of this Fish, there are four small stars 
situated in the form ofthe letter Y. The two Fishes, and the 
cord between them, make two sides of a large triangle, 30° and 
40° in length, the open part of which is towards the N. W 
When the Northern Fish is on the meridian, the Western is 
learly two hours past it. This constellation is bounded N. by 

87. Northern Fish? Length? Dec? When on the meridian ? 88. How trace thu 
Northern Fish ? To what star ? Magnitude ? Where situated ? 89. From El Rischa f 
From Delta* Mean declination of this part of the ribbon? 40. What 12* west of 
thsB fish ? ICut d0 tlM two flshM, Ae., make ? Boundaries of PImob ? 
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Aodromeda, W. by Andromeda and P^asus, S. by the Cascade^ 
and E. by the Whale, the Ram and the Triangles. 

When, to enable the pupil to find any star, its direction from aaotbier li given, the 
latter is always understood tp be on the meridian. 

After a little experience with the maps, even chough unaccompanied by directions, 
(hd ingenious youth will be able, of himself, to devise a great many expedients and facili- 
ties for tracing the constellations, or selectixig out particular stars. 

In using a circampolar map, face the pole, and hold it up in your hands in such a 
manner that the part which contains the name of the given month shall be uppermost, 
and you will have a portraiture of the heavens as seen at that time. 

The constellations about the Antarctic Pole are not visible in the United States ; 
those about the Arctic or Northern Pole, are always visible. 

HISTORY. 

41. The ancient Greeks, who have some fable to account for the origin of almos 
every constellation, say, that as Venus and her son Cupid were one day on the banks ot 
the ICuphrates, they were greatly alarmed at the appearance of a terrible giant, named 
Typhon. Throwing themselves into the river, they were changed into flshes, and by 
this means escaped danger. To commemorate this event, Minerva placed two fishes 
among the stars. 

According to Ovid, Homer, and Virgil, this Typhon was a famous giant. He had a hun- 
dred heads, like those of a serpent or dragon. Flames of devouring fire darted from his 
mouth and eyes. He was no sooner born, than he made war against heaven, and so 
frightened the gods, that they fled and assumed diflbrent shapes. Jupiter became a 
ram : Mercury, an Ibis ; Apollo, a crow; Juno, a cow; Bacchus, a goat ; Plana, a cat; 
Venus, a fish, Ac. The father of the gods, at last, put Typhon to flight, and crushed hiia 
under Mount iStna. 

The sentiment implied in the fable of this hideous monster, is evidently this: that 
there is in the world a description of men whose mouth is so ** full of cursing and bitter- 
ness,** derison and violence, that modest virtue is sometimes forced to disguise itseU^ 
or flee from their presence. 

In the Hebrew Zodiac, Pisces Is allotted to the escutcheon of Simeon. 

No sign appears to have been considered of more malignant influence than PibMi. 
The astrological calendar describes the emblems of this constellation as indicative of 
violence and death Both the Syrians and Egyptians abstained from eating fish, 
out of dread and abhorrence ; and when the latter would represent anything as odious, 
or express hatred by hieroglyphics, they painted hjhh, 

TELESGOPIO OBJEOTa 

1. a PisauM CEl Bischa) — A close double star in the eastern extremity of the ribbon, 
K. A. Ih. 68m. 46s. ; Dec. N. 1* C9' 08'. A. 6, pale green ; B. 6, blue ; a splendid object, 
and easily found. 

2. f PisciUM — ^A neat double star in the ribbon, about 18* north-west of a, R. A. Ih. 
5m. 21s. ; Dec. N. 6° 48' 07'. A. 6, silvery white ; B. 8, pale gray ; a fine ot^ect. 

8. PisciUM — A close double star in the space between the two fishes, about half-way 
between jj Andromeda and Q Ceti; R. A. Ih. 2m. 81s. ; Dec. N. 8* 42'. A. 8, white* 

B. 14, pale blue. 

4. A neat docbu star, about 4* south of AlgmUb^ in the wing of Pegasus, R. A. Oh 
Im. 68s. ; Dec. N. 10* 14' 06'. A. 6, silvery white ; B. 18)i, pale blue. 

6. A rAurr mkbula in the eye of the western Fish, about 10* south-half-east of Mar- 
cab, near y Piscinm ; R. A. 28h. 06m. 86s. ; Dec. 8* 8i^' 7' : a very difficult ol:(iect 

CASSIOPEIA.— MAP VI. 

42. Cassiopeia is represented on the celestial map in regal state, 
seated on a throne or chair, holding in her left hand the branch 

41. HiPTORT? — Greek account? Ovid*s and others? Sentiment or moral? Hebren' 
T^diac ? Astrology ? 
Tkluoopio Objrots.— Double stars Clusters ? Nebulas ? Shown on map, or notf 
48. Oassiopeia? How represented Head? 
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of a palm tree. Her head and body are seen in the Milky Way. 
H 2r foot rests upon the Arctic Circle, upon which her chair is 
placed She is sarrounded by the chief personages of her royal 
family. The king, her husband, is on her right hand — Perseus, 
her son-in-law, on her left— and Andromeda, her daughter, just 
above her. 

43. This constellation is situated 26° N. of Andromeda, and 
midway between it and the North Polar Star. It may be seen 
from our latitude, at all hours of the night, and may be traced 
out at almost any season of the year. Its mean declination is 
f>0^ N. and its right ascension 12^. It is on our meridian the 
22d of November, but does not sensibly change its position for 
several days ; for it should be remembered that the apparem 
motion of the stars becomes slower and slower, as they approxi- 
mate the poles. 

44. Cassiopeia is a beautiful constellation, containing 55 stars 
that are visible to the naked eye ; of which four are of the 3d 
magnitude, and so situated as to form, with one or two smaller 
ones, the figure of an inverted chair. 



-" Wide ner stars 



Dispersed, nor shine witli mutual aid improved ; 
Nor dassle, brilliant with contiguous flame : 
Their number fifty-five." 

45. Caphj in the garland of the chair, is almost exactly in the 
equinoctial colure, 30^* N.of Alpheratz, with which, and the 
Polar Star, it forms a straight line. Caph is therefore on the 
meridian the 10th of November, and one hour past it on the 
24th. It is the westernmost star of the bright cluster. Shedir, 
in the breast, is the uppermost star of the five bright ones, and 
is 5° S. E. of Caph : the other three bright ones, forming the 
chair, are easily distingmshed, as they meet the eye at the first 
glance. 

There is an importance attached to the position of Caph that 
concerns the mariner and the surveyor. It is used, in connec- 
tion with observations on the Polar Star, for determining the 
latitude of places, and for discovering the magnetic variation of 
the needle. 

46. It is generally supposed that the North Polar Star, so 
called, is the real immovable pole of the heavens : but this is a 
mistake. It is so near the true pole that it has obtained the 

43. Situation? How seen? R. A. and Dec? When on meridian ? 44, Number of 
stars? Magnitudes? Figure? Character of this constellation? 46. Caph? How 
situated? When on meridian? Shedir? Importance attached to Caph? 46. Pole 
star? Is it the true pole? What variation? How p»le star situated with referencr to 



1/1 ASTRONOMY, 

appellation of the North Polar Star ; but it is, in reality, more 
than a degree* and a half distant from it, and revolves about the 
true pole every 24 hours, in a circle whose radius is 1° 31'. It 
will consequently, in 24 hours, be twice on the meridian, once 
above, and once below the pole ; and twice at its greatest elongar 
tion E. and W. 

The Polar Star not being exactly la the N. pole of the hearena, but one degree cuul 
81 miwiUee on that side of it which is towards Caph, the position of the latter becomes 
important, as it always shows on which side of the true pole the polar star is. 

There is another important fact in relation to the position of this star. It is egruidia- 
ta/nt fro:n the pole, and exactly opposite another remarkable star in the equare of the 
Great Bear, on the other side of the pole. [See Megree.} It also serves to mark a spot 
in the starry heavens, rendered memorable as being the place of a lost star. Two hun- 
dred and fif^ years ago, a bright star shone 6° N. N. £. of Caph, where now is a 
dark voidl 

On the 8th of November, 1572, Tycho Brahe and Cornelias Qemma saw a star in the . 
constellation of Cassiopeia, which became, all at once, so brilliant, that it surpassed the 
splendor of the brightest planets, and might be seen even at noonday. Gradually, 
this great brilliancy diminished, until tho 15th of March, 1573, when, without moving 
from its place, it became utterly extinct. 

Its color, during this time, exhibited all the phenomena of a prodigious flame — first, 
it was of a dauling white, then of a reddish yellow, and lastly of an ashy paleness, in 
which its light expired. It is impossible, says Mrs. Somerville, to imagine anything 
more tremendous than a conflagration that could be visible at such a distance. It was 
seen for sixteen months. Some astronomers imagined that it would reappear again 
after 150 years ; but it has never been discovered since. This phenomenon alarmed all 
the astronomers of the age, who beheld it ; and many of them wrote dissertations con- 
cerning it. 

Rev. Professor Vince, one of the most learned and pious astronomers of the age, has 
this remark : — '■'■ The disappearance of some stars may be the destruction of that system 
at the time appointed by the Deity for the probation of its inhabitants; and the appear- 
ance of new stars may be the formation of new systems for new races of beings then 
called into existence to adore the works of their Creator." 

Thus, we may conceive tlie Deity to have been employed from all eternity, and thus 
'" he may continue to be employed for endless ages ; forming new systems of beings to 
adore him; and transpltnting beings already formed into happier regions, who will con- 
tinue to rise higher and higher in their enjoyments, and go on to contemplate system 
after system through tho boundless universe. 

,"!• La. Place says : — As to those stars which suddenly shine forth with a very vivid light, 
and then immediately disappear, it is extremely probable that great conflagrations, pro- 
duced by extraordinary causes, take place on their surface. This coi^jecture, continues 
he, is confirmed by their change of color, which is analogous to that presented to ua on 
the earth by those bodies which are set on fire, and then gradually extinguished. 

The late eminent Dr. Good also observes that — Worlds, and systems of worlds, are mi 
only perpetually creating, but also perpetually disapnearing. It is an extraord inary f acti 
that within the period of the last century, not less than thirteen stars, in different con- 
stellations, seem to have totally perished, and ten new ones to have been created. In 
many instances it is unquestionable, that the stars themselves, the supposed habitation 
of other kinds or orders of intelligent beings, together with the different planets by 
which it is probable they were surrounded, have utterly vanished, and the spots which 
they occupied in the heavens have become blanks I What has befallen other systems wiL' 
assuredly befall our own. Of the time and the manner we know nothing, but the fact is 
incontrovertible ; it is foretold by revelation ; it is inscribed in the heavens ; itfis feit 
Uirough the earth. Such is the awTul and daily text ; what then ought to be the comment? 

The great and good Beza, falling in with the superstition of his age, attempted to prove 
that this was a comet, or the same luminous appearance which conducted the magi, or 
wiMc men of the East, into Palestine, at the birth of our Saviour, and that it now appeared 
to announce his second coming. 



Caph ? What other important fact in relation to the position of Caph? What remark- 
able fact stated? By whom attested? Describe phenomenon? Mrs. feomerville^e 
remark? Other astronomers*? Professor Vince's remarks? The author*! t La 
Place's? Dr. Good's? Besa's? 



CEPHEV8. ^ 

HI8TORT. 

OBMslopela WM the wife of Oepheus, King of Ethtopia, and mother of Andromeaa. 8h€ 
was a qne«n of matchless beaaty, and seemed to be sensible of it ; for she even boasted 
herself fairer than Juno, the sister of- Jupiter, or the Nereides— a name given to the seap 
nymphs. This so provoked the ladies of the sea, that they complained to Neptune of the 
insult, who sent a frightful monster to ravage hdV coast, as a punishment for her inso- 
Jence. But the anger of Neptune and the jealousy of the nymphs were not thus appeased 
They demanded, and it was flnidly ordained that Cassiopeia should chain her daughter 
Andromeda, whom she tenderly loved, to a desert rock on the beach, and leave her 
exposed to the fury of this monster. She was thus left, and the monster a proached . 
but just as he was going to devAor her, Perseus killed him. 

** The saviour youth the royal pair confess. 
And with heav*d hands, their daughter's bridegroom bless.** 

EuwUn^a (hid, 

TELESCOPIC OBJECTS. 

1. a CASBiov9M{Shediry^A bright star, with a companion in the bosom of the figure , 
R. A Oh. 81m 29s.; Dec. 65* 89' Oo'. A 8, pale rose tint; B 10^, small blue. £ujrth 
and llerschell note Shedlr as variable. 

2. fi CAflBiOPKje {Cuph) — A bright star on the left side, with a mhiute compaaion; 
R. A. Uh. Om. 42s.; Dec. N. ^S* 16' 08*. A 8)i, whitish; B 113<, dusky. Lnok directly 
opposite JfegriSj in the great dipper, through the pole star, and about as far beyond. 

8. y Cassiopkm — ^A bright star with a distant companion on the right side of the figure ; 
R. A. Oh. 47m. 05s. ; Dec. N. 59* 50' 08*. A 8, brilliant white; B 18, blue. Mac^ smaU 
■tars in the field. 

4. 97 Cassiop&a— A BiKART STAR, about 4* from a towards Polaris ; R. A. Oh. 89m. 87s. , 
Dec. N. 56* 57' 09*. A. 4, pale white ; B. 73$, purple. Estimated period 700 yeais. 

6. fi Cassiopba — ^A coarse triplb star in the right elbow ; R. A. Oh. 67m. 28s. ; Dec. N, 
54* OS' 01'. A 6Hi deep yellow ; B 14, pale blue ; C 1 1, bluish. Several small stars ha the 
field. 

6. <T Cassioprji — A beautiftil double star in the left elbow ; R. A. 2dh. 60m. 668. ; Dec. 
N. 64' 61' 08'. A 6, flushed white ; B 8, smalt blue ; the colors clear and distinct. 

7. A coarse quadruplb star, just south of Cepheus' right hand ; or about 27* nouth- 
■cuth-west of Polaris, on a line drawn over y Cephei. R. A. 28h. 17m. 46t). ; Dec. N. 6*' 
24' 08'. A 6, pale yellow ; B 9, yellowish ; G 11, and D, 18, both blue. 

8. A large and straggung cluster, between the footstool of Cassiopeia and the head of 
CJepheus; R. A. Oh. 18m. lOs. ; Dec. N. 70* 80' 08*. A line from y Cassiopeso, % the dio 
tance to y Cephei, will fall upon this object. A coarse double star in the field. 

9. A rich, but somewhat straggung cluster; R. A. Oh. 24m. 68.; Dec. N. 62* 28' (19*. 
Vicinity splendidly strewed with stars — a double star in the centre. Look near the 
star K- 

10. Aloosb clustbr, including a small double star; R. A. Oh. 84m. 15a.; Dec. N. 60* 
54' 07'. A 8)i, B 11, both pale. Situated just half way between y and /c. 

11. A LOOSB cluster of small stars ; R. A. Oh. 68m. 19s. ; Dec. N. 60* 44'. On a line from 
y towards e, about ^ the distance. 

12. A cluster and neat double star on a line from a through (5* ftnd about 2^* beyond. 
In an elegant field of large and small stars. 

18. A riMB OALAXT CLUSTER of minutc stars, about 8* south-west of (Si and about the 
3Hme distance west of a. R. A. 23h. 49m. OTs. : Dec. N. 55* 49' 06'. A glorious assem- 
blage, both in extent and richness. Resembles a crab, having spangled rays of starp, 
spreading over many fields Map VIII., Fig. 23. 



CEPHEUS.— MAP YL 

47. Cepheus is represented on the map as a king, in his royfwl 
robe, with a sceptre in his left hand, and a orown of stars upoa 

BxsTOKT? — Who was Cassiopeia ? Personal appearance ? Sad consequences ? Rescoi y 
I'FTjMCOPio Objects —Double and multiple stars f Clusters? What shown on map? 
47. liow is Cepheus represented? ^Therc situated ? 
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his head. He stands in a commanding postnre, with his left 
foot oyer the pole, and his sceptre extended towards Cassiopeia, 
as if for favor and defencie of the queen. 

" Oepheag illumes 
The neighboring heavens ; still faithful to his queen, 
With thirty-flye faint luminaries mark*d." 

This constellation is about 26* N. W. of Cassiopeia, near the 2d coil of Draco, and Is oti 
the meridian at 8 o'clock the 8d of November ; but it will linger n^ar it for many days. 
Like Cassiopeia, it may be seen at aJ hours of the night, when the sky is clear, for to us it 
never sets. 

By reference to the lines on the map, which all meet In the pole, it will be evident that 
a star, near the pole, moves over a much leu space in one hour, than one at the equi- 
noctial ; and generally, the nearer the pole, the narrtncer the space, and the dou>er 
the moftion. 

The stars that are so near the pole may be better described by their polar dUtanoCt 
than by their de<'.Unation. By polar distance is meant, the cUtkmoe from the pole, an J 
IS what the declination wants of 90*. 

48. In this constellation there are 35 stars visible to the 
uaked eye ; of these, there glitters on the left shoulder, a star 
of the 3d magnitude, called Alder amin^ which with two others of 
the same brightness, 8° and 12° apart, form a slightly curved 
line towards the N. E. The last, whose kiUr name is Gamma, 
is in the right knee, 19° N. of Caph, in Cassiopeia. The middle 
one in the line is Alphirk, in the girdle. This star is one-third 
of the distance from Alderamin to the pole, and nearly in the 
same right line. 

It cannot be too well understood that the bearings, or direction of one star fk-om 
another, as given in this treatise, are strictly 'applicable only when the latter one is on, 
or near the meridian. The bearings given, in many cases, are not the least approxima- 
tions to what appears to be their relative position ; and in some, if relied upon, will lead 
to errors. For example : — ^It is said in the preceding paragraph, that Gamma, in Cepheus, 
bears 19* N. of Caph in Cassiopeia. This is true, when Cuph is on the meridian, but at 
this very moment, while the author Is writing this line. Gamma appears to be 19* due 
toett of Caph; and six months hence, will appear to be the same distance east of it. 
The reason is obvious ; the circle which Cepheus appears to describe about the pole, is 
toitA-in. that of Cassiopeia, and consequently when on the east side of the pole, will be 
wUMn, or between Cassiopeia and the pole — ^that is, toest of Cassiopeia. And for the 
same reason, when Cepheus is on the west side of the pole, it is between Uiat and Cassio* 
peia, or east ofU. 

Let it also be remembered, that In speaking of the pde^ which we shall have frequent 
occasion to do, in the course of this work, the Iforth Polar Star or any imaginary point 
very near it, is always meant ; and not^ as some will vaguely apprehend, a point in the 
hariBon^ directly N. of us. The true pple of the heavens is always elevated just as many 
decrees above our horizon, as we are north of the Equator. If we live in 48* N. latitude, 
the N. pole will be 42' above our horison. {See NorGi Polar Star.) 

49. There are also two smaller stars about 9° E. of Alderar 
.nin and Alphirk, with which they form a square ; Alderamin 
!)eing the upper, and Alphirk the lower one on the W. 8° apart. 
Jn the centre of this square there is a bright dot, or semi- visible 

.star. 

The kead of Cepheus is in the Milky-Way, and may be knowD 

48. Number of stars visible ? Principal stars ? Situation ? 49. Wliat other stan^ 
ftnd situation ? Situation of the head, and how known t Distance of this Asteriim froo) 
the pole star t 
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Ky three stars of the 4th magnitude in the crown, which form a 
small acute triangle, about 9° to the right of Alderamin. The 
mean polar distance of the constellation is 25°, while that of 
Alderamin is 28° 10'. Theyariffht ascension of the former is 
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338° ; consequently, it is 22°ttJ| of the equinoctial colure. 

The atadent will understand that right ascension is reckoned on the equinoctial, frocu 
the ^*8t point of Aries, £., quite round to the same point again, which is 860'. Now, 
338* measured from the same point, will reach the same point again, within 22* ; which Is 
the difference between 860* and 838*. This rule will apply to any other case. 

HISTORY. 

This constellation immortalizes the name of the king of Ethiopia. The name of his 
queen was Cassiopeia. They were the parents of Andromeda, who was betrothed to 
Perseus. Cepheus was one of the Argonauts who accompanied Jason on his perilous 
expedition in quest of the golden fleece. Newton supposes that it was owing to Uiis 
circumstance that he was placed in the heavens; and that not only this, but all the 
ancient constellations, relate to the Argonautic expedition, or to persons some way con- 
nected with it. Thus, he 6bseryes, that as Musssus, one of the Argonauts, was the first 
Greek who made a celestial sphere, he would naturally delineate on it thosn figures which 
had some reference to the expedition. Accordingly, we have on our globes to this day 
the Golden JRcun^ the ensign of the ship in which Phryxus fied to Colchis, the scene o ' 
the Argonautic achievements. We have also the BtUl with brasen hoofs, tamed by 
Jason ; the TwinSy Castor and Pollux, two sailors, with their mother Leda^ in the forni 
of SkStoaai^ And ArffOy the ship itself; the watchful Dragon, Hydra, with the Oup oi 
Medea, and a raven upon its carcase, as an emolem of death ; also Chiron, the Mastei 
of Jason, with his AUar&nd Sitorijloef HerctUea, the Argonaut, with his chib, his dart 
and mUtttre, with the drtigon, crab, and lion which he slew ; and Orpheus, one of tht- 
company, with his Tiarp. All these, says Newton, refer to the Argonauts. 

Again ; we have Onon, the son of Neptune, or, as some say, the grandson of Minns 
with his doga, and hare, and rimer, and 9corpion. We have the story of Perseus in th< 
constellation of that name, as well as in Cassiopeia, Cepheus, Andromeda, and Cetus ' 
that of Calisto and her son Areas, in Ursa Major ; that of Icarius, and his daughter 
Urigoue, in Bootes and Virgo. Ursa Minor relates to one of the nurses of Jupiter 
Auriga, to Erichtonius ; Ophiitohua, to Phorbas ; SagiUariua, to Orolus, the son of ont 
of the Muses ; Capricorn, to Pan, and AqtMritu to Qanymede. We have also Ariadne^ 
croton, Bellerophon's horse, Neptune's dolphin, Ganymede's eagle, Jupiter's goai, with 
her bids, the asses of Baccktta, the fishes of Venus and Cupid, with their parent, thf- 
southern flsh. These, according to Deltoton, comprise the Grecian constellations men 
tinned by the poet Aratus ; and all relate, as Newton supposes, remotely or immediately 
to the Argonauts. 

It may be remarked, however, that while none of these figures refer to any transaction' 
-of a later date than the Argonautic expedition, yet the great disagreement which appear < 
in the mythological account of them, proves that their invention must have been o 
gpreater antiquity than that event, and that these constellations were received for som' 
time among the Greeks, before their poets referred to them in describing Uie particuhn 
of that memorable expedition. 

TELESCOPIC OBJECTS. 

1. a Gbphbi (Alderamin)- A hnr star, with a distant companion on the left shouMor 
v^f Cepheus; R. A., 21b. 15m.; Dec, 61* 54'. It is about half way between Polaris and 
Deueb, and 8* south-west from /J Cephei. A 8, white ; B 10, ^.tle blue, with a companiOi 
of the same magnitude and color. 

2. (S CsPHKi (Alphirk) — A double wtavl on the left side of the girdle of Cepheus, tw^ 
thirds of the distance from Polaris to Alderamin. A 8, white; B 8, bliie, with a vei'> 
minute double star preceding. 

8. 7 Cbphbi {Er Bai) — A dodblk star In the knee of Cepheus, with a distant telesco( \r 
i;umpanion on the preceding parallel. A 8, yellow; B 14, dusky. R. A., 9Sh. 82m. Alt 
Dec, N. 76* 44' 7'. This star will be the Pole star in about 2860 years. 



Hbtokt.— Who was Cepbeus ♦ Why placed in the heavens • What said of the ortgi^ 
jf other constellations? 
TzLKi«;opic OBjtxrs. -A'.ph.i? Bctn., A.;.? Wliatolusteji? 

n.a 2 
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4. Cbpbbi ( Var) in the crown of Oephens, a Ane, though wide DOUBLBarAB; R. A. 22h. 
tSxn. 14(1. ; Dec, N. 57" 85' 9'. A 43$, orange tint; B 7, fine blue — the colors in fine coii> 
trast. This Btar is variable^ with a period of 6d. 6h. 80m. 

6. A LABOB AKO BiCB CLOSTBB on the left elbow ; R. A., 20h. 88m. 17s. ; Dec, N. 60* 08 

V. It is 12* due north of a Cygni ; and 8* west-south-west of 17 Cephei. ** A grand bm 
rlistant collocation of suns bound together by mutual relations.*' 

\ An ibrkgular clustbb between the head of Gepheus and th6 chain of Andromeda; 
R. A., 28h. 17m. lOs.; Dec, N. 60* 48' 1*. It is about one-third of the distuncr; frora 

3 CassiopesB to a Cephei ; and may be seen on Map VI., near the sceptre of Cephcus 
For a telescopic view, see Map Till., Fig. 24. 



CHAPTER II. 

CONSTELLATIONS ON THE MERIDIAN Vt DECEMBER. 

ARIES (the ram).— map II. 

50. Twenty-two centuries ago, as Hipparchus informs U3, 
this constellation occupied the first sign in the ecliptic, com- 
mencing at the vernal equinox. But as 'the constellations gain 
about 50" on the equinox, at every revolution of the heavens,* 
they have advanced in the ecliptic nearly 31° beyond it, or more 
than a whole sign : so that the Fishes now occupy the same 
place in the Zodiac, that Aries did in the time of Hipparchus ; 
while the constellation Aries is now in the sign Taurus, Taurus 
in Gemini, and Gemini in Cancer, and so on. 

Abibs is therefore now the senond constellation in the Zodiac. It is situated next easi 
of Pisces, and is midway between the Triangles and the Fly on the N. and the head of 
Oeius on the S. It contains 66 start, 9t which, one is of the 2d, one of the 8d, and two of 
kbe 4th magnitudes. 

" First, f^om the east, the Ram oondcets the year ; 
Whom PtMemy with i^nce n4ne stars adorns, 
Of which two only claim the second rank ; 
The rest, when Cynthia fills the sign, are lost." 

Aries Is readily distinguished by means of two bright stars in the head, about 4* apart, 
ihe brightest being the most north-easterly of the two. The first, which is of the 2<1 
magnitude, situated iu the right horn, is called Alpha Arietis, or simply ^H«ti9; tba 
other, which is of the 8d magnitude, lying near the left horn, is called Sheratan, and may 
ke known by another star of the 4Ui magnitude, in the ear, 136* S. of it, called Mesarthim^ 
irhich is ihe^rst star in this constellation. 

Arietis and Sheratan, are one instance out of many, where stars of more than ordinary 
Mghtness are seen together in paira^ as in the Twins, the Little Dog, Ac, the brightest 
3tar being commonly on the east. 

* See " Precession of the Equinoxes,** page 270. 



-0. Oonstellations in this chapter? Aries 22 centuries ago? Now; and why ▼ II<>w 
i2ting«il8liod ? Arietis and Bheratao ? 
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61. The position of Arietis affords important facilities to 
nautical science. Difficult to comprehend as it may be, to the 
unlearned, the skilful navigator who should be lost upon an 
unknown sea, or in the midst of the Pacific ocean, could, by 
measuring the distance between Arietis and the Moon, which 
often passes near it, determine at once not only the spot he was 
in, but his true course and distance to any known meridian or 
harbor on the earth. See Part II., page 206. 

Arietis comes to the meridian about 12 minutes after Shera- 
tan, on the 5th December, near where the sun does in midsum- 
mer. Arietis, also, is nearly on the^ame meridian with Almaack, 
in the foot of Andromeda, 19° N. of it, and culminates only 
four minutes after it. The other stars in this constellation are 
quite small, constituting that loose cluster which we see between 
the Fly on the north, and the head of Cetus on the south. 

When Arietis is on the meridian, Andromeda and Cassiopeia 
are a little past the meridian, nearly overhead, and Perseus with 
the head of Medusa, is as far to the east of it. Taurus and 
Auriga are two or three hours lower down ; Orion appears in 
the S. B., and the Whale on the meridian, just below Aries, 
while Pegasus and the Swan are seen half-way over in the west. 

The manner in which the ancients dlTided the Zodiac into 12 eqnal parts, was both 
simple and ingenious. Having no instrument that would measure time exactly, ** they 
took a vessel, with a small hole in the bottom, and having filled it with water, sulTered the 
same to distill, drop by drop, into another vessel set beneath to receive it, beginning at 
the moment when some -:tar rose, and continuing till it rose the next following night, when 
It would have performed one complete revolution in the heavens. The water falling down 
into the receiver they divided into twelve equal parts ; and having twelve other small 
vessels in readiness, each of them capable of containing one part, they again poured all 
the water into, the upper vessel, and observing the rising of some star in the Zodiac, at 
the same time suffered the wateir to drop into one of the small vessels. And as soon as it 
was lull, they removed it, and set an empty one in its place. Just as each vessel was fUll, 
they took notice what star of the Zodiac rose at that time, and thus continued the process 
through the year, until the 12 vessels were filled." 

Thus the Zodiac was divided into 12 equal portions, correspond/' g to ttie 12 months of. 
the year, commencing at the vernal equinox. Each of these \ irtions seryed as the 
visible representative or Hgn of the month it appeared in. 

All those stars in the Zodiac which were observed to rise while the first vessel was fill- 
ing, were constellated and included in the first sign, and called Arie»^ an animal held in 
great esteem by the shepherds of Chaldea. All those stars in the Zodiac which rose while 
the second vessel was filling, were constellated and included in the second sign, which, 
for a similar reason, was denominated Taurus; and all those stars which were obsf.rved 
to rise while the third vessel was filling, were constellated in the third sign, and called 
Gemini, in allusion to the tudn season of the flocks. 

Thus each sign of 80* in the Zodiac, received a distinctive appellation, according to the 
fancy or superstition of the inventors ; which names have ever since been retained, 
although the constellations themselves have since left their nominal signs more than 80* 
behind. The sign Aries, therefore, included all the stars embraced in the first 80* of the 
Zodiac, and no more. The sign Taurus, in like manner, included all those stars embraced 

Bl Position of Arietis ? Importance to mariners ? When come to meridian ? Wliere 
And—'-i^da and Cassiopeia then ? Perseus ? Taurus, Auriga, Orion, Pegasus and Swan ? 
What >. other stars in Aries? Ancient method of dividing the Zodiac? Namoe oi 



SH AhTAOSOUt. 

/ 
^ C«e next W of ibe Zodiac, ur thoae between 80" and flO*, and m of the rat. Clf tlmov 
who lia«gjM that the tirelre eonstellaUoaa of the Zodiac refer to the tvdre triV«e wt 
lara^ aMne aacribe Aries to the tribe of Slnieon, and others, to Chid. 

HISTORY. 

According to fUile, this Is the ram which bore the golden fleece, and carried Phryxoa 
and his sister Uelle through the air, when thej fled to ?CSolchis firom the persecatfon of their 
stepmother Ino. The rapid motion of the ram in his aerial flight high above the earth, 
eaosed the bead of Helle to torn with giddiness, and she fell from his back into that par; 
of the sea which was afterwards called HeUe^pofU^ in commemoration of the dreadfol 
eyent. Phrxzos arrired mfe at Colchis, but was soon murdered by his own father-in-law, 
iBtes, who enried him his golden treasure. This gare rise to the celebrated Argonaotic 
expedition under the cmnmand of Jason, for the recorery of the giMen fleece. 

Nephele, Queen of Thebes, baring prorided her children, Phryxus and Helle, with this 
noUe animal, upon which they might elude the wicked designs of those who sou^t their 
life, was afterwards changed into a cloud, as a reward for her parental soliritude ; and 
the Greeks erer after called Uie clouds by her name. But the most probable acoount of 
the oripn of this constellation is given in a preceding paragraph, where it Is referred to 
the flocks of the Chaldean shepherds. 

During the campaigns of the French army In Egypt, General Dessaix discorered among 
(he ruins at Dendera, near the banks of the Nfle, the great tempi 3 supposed by some to 
hare been dedicated to Isis, the female deity of the B^ptians, fr\o believed that the ris- 
ing of the Nile was occasioned by the tears which she continoary shed for the loss of her 
brother Osiris, who was murdered by Typhon. Others suppcje this edifice was erected 
for astronomical purposes, from the circumstance that fvo Zodiacs were discovered, 
drawn upon the ceiling, on opposite sides. On both ttcj'^ Zodiacs the eqninocttal pointa 
are in Leo, and not in Aries ; from which it has been concluded, by those who pertiua- 
ciously endeavor to array the arguments of science against the chronology of the Bible 
and the validity of the Mosaic account, that these Zodiacs were constructed when the sun 
entered the sign Leo, which must have been 9720 years ago, or 4000 years before the 
inspired account of the creation. The inlhlel writers in Irance and Germany make it 
10,000 years before. But we may ^ set to our seal," that whatever is true in fact and cor- 
rect in inference on this subject will be found, in the end, not only consistent with the 
Mosaic record, but with the common meaning of the expressions it uses. 

The discovery of Champollion has put this question for ever at rest ; and M. Latronne, 
a most learned antiquary, has very satisfactorily demonstrated that these Egyptian 
Zodiacs are merely the horoscopes of distinguished personages, or the precise situation 
of Uie heavenly bodijS in the Zodiac at their nativity. The idea that such was their pur- 
pose and origin, ihrst suggested itself to this gentleman on finding, in the box of a mummy, 
a similar Zodiac, with such inscriptions and characters as determined it to be the horo- 
scope of the deceased person. 

Of ail the discoveries of the antiquary among the relics of ancient Greece, the ruins o. 
Palmyra, the gigantic pyramids of Egypt, the temples of their gods, or the sepulchres of 
*beir kings, scarcely one so aroused and riveted the curiosity of the learned, as did the 
flscovery of Champollion the yonnger, which deciph>er» the hieroglypMoB of ancient 

Tlie potency of this invaluable discovery has already been signally manifested in set- 
ting a formidable cont sversy between the champions of infidelity and those who main- 
Ain the Bible account f the creation. It has been shown that the constellation /Vsc«s, 
since the days of Hiprarchus, has come, by reason of the annual precession, to occupy 
the same apparent place in the heavens that Aries did two thousand years ago. The 
Christian astronomer and the infidel are perfectly «greed as to the Jkict^ and the amount 
of this yearly gain In the apparent motion of the stars. They both believe, and both can 
demonstrate, that the fixed stars have gone forward in the Zodiac about 50' of a degree 
in every revolution of the heavens since the creation ; so that were the world to light 
npon any authentic inscription or record of past ages, which should give the true posi- 
tion or longitude of any particular star at that time, it would be easy to fix an unques- 
tionable date to such a record. Accordingly, when the famous ** Egyptian Zodiacs,** 
which were sculptured on the walls of the temple at Dendera, were brought away en 
tt^i«M, and exhibited in the Louvre at Paris, they enkindled a more exciting interest ia 
the thousands who saw them, than ever did the entrance of Napoleon. ** Educated meo 
uf every order, and those who had the vanity to think themselves such," says the com- 
«neu tutor oT Champollion, "rushed to behold the Zodiacs. These Zodiacs were irame- 
•iiately published and commented upon, with more or less good faitn and decorum. 

HirroBT.— Discovery in Eirypt? Use made of the Zodiacs? What did they provo lo 
'tc T H')W* ascertaine.l ? Who most zealous iu opposing revelutiojj ? Means ciuj'lrtywl? 
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Science struck out hito systems very bold ; and the spirit of Infidelitj, if Uing open th« 
discovery, flattered itself witli th^ hope of drawing from thence new 8*4*9ort. It WM 
tj^'ustiflably taken for granted, that the ruins of Egypt furnished astron'^my with moDu- 
menta, containing observations that exhibited the state of the heaveus in the most 
remote periods. Starting with this assumption, a pretence was made of demonstrating 
by means of calculations received as infallible, that the celestial appearances assigned 
to these monuments extended back from forty-five to sixty-five centuries ; that the 
Zodiacal system to which they must belong, dated back fifteen thousand years, and must 
reach far beyond the limits assigned by Moses to the existence of the world.'* Among 
those who stood forth more or less bold as the adversaries of Revelation, the moat pro* 
minent was M. Dupuis, the famous author of Vorigine de Unu les CvJUea, 

The infidelity of Dapuls was spread about by means of pamphlets, and tbe advocatee 
of the Mosaic account were scandalized " unUl a new Alexander arose to cut the Gordian 
knot, which men had T<»inly sought to untie. This was ChampoUion the yomger, armed 
with his discor 3ry.** The hieroglyphics now speak a language that all car understand, 
and no one gainsay. ** The Egyptian Zodiacs, then," says Latronne, " relate \a no respect 
to astronomy, but to the idle phantasies of Judicial astrology, as connected rith ^e drs 
tinies of the emperors who made or completed them." 

TinCiESCOPIG OBJECTS. 

1. a Aristis— A DOCBLB STAB in the Ram's forehead; R. A. lb. 5Sm. 10b, Dec. N. 22* 
42' 02*. A 8, yeUow ; B 11, purple. 

Two thousand years ago the first meridian or Vernal Equinox passed through th' 
■tar; but the recession of the equinox at the slow rate of SO' per year, has, in that lengt) 
of time, earned the equinoctial nearly 60* to the west, where we now find it. S^e UiL 
Butyect explained in the second part of the book. 

2. /? Aristis (Sheratafi) — A bright star with a distant companion in the coil o' the 
right horn ; R. A. lb. 45m. 498. ; Dec. N. 20* 01' 04*. A 8, pearly white ; B 11, duskv. 

8. y Aribtis (Mesarthim) — ^a doubli star Just south of j9 ; R. A. Ih. 44m. 458. ; Dec. N. 
18* 80' 06*. A 4^, bright white ; B 5, pale grey. A fine object Map VUI., Fig. 2. 

4. e Aribtis — A 7ert closb doublb star near the root of the tail, and between it and 
Musca; R. A. 2h. 50m. 04s.; Dec. N. 20* 41' 08*. A 5, pale yellow; B 63i{, whitish. It 
requires a good telescope to separate them. 

6. TT Aribtis— A neat triplb star in the haunch, about one-third of the distance from 

/3 Arietis to Aldebaran; R. A. 2h. 40m. 228.; Dec. N. 16* 47' 08'. A 6, pale yellow; F 
B}i, flushed ; G 11, dusky. A beautiful trio. 

6. A QUADRunji STAR half way between a and v under the right horn ; R. A. Ih. 60m. 
48s. ; Dec. N. 20* 16' 07*. A 6, topai yellow; B 15, deep blue ; 10, lilac ; D, pale blue. 
An exquisite object. 

7. A rodbs kbrula near y Arietis, and just east of it ; R. A. Ih. 50m. 848. ; Dec. N 
18* 18' 06*. It is large and pale, and lies among some snuJl stars, some of which form a 
carve acjro8» ^he south part of the field. 



• TRIANGULJS (the tbiangle8).--MAP II. 

52. The Triangles are situated between the head of Aries on 
the north, and the feet of Andromeda on the south. R. A. 
2h. ; Dec. N. 30°. They contain two stars of the 4th magni- 
tude, and two of the 5th ; with several smaller. A line from 
Sheratan in Aries, to Almaack, will pass through the Ittdda 
Triangulif about midway, between them. 

Tblisoopio Objbcts? What a Arietis f Other double stars? Triple? Quadruple? 
Any clusters ? Nebulas ? 
63. I^ituatiou of the Triangles ? Number and size of stars ? How find tbelr luMda f 



8lfi ASTRONOMY. 

HISTORY. 

The apper or Northern Triangle ia one of the ancient 4d asterisina : and Hcvclius took 
three oUier stars between it and the head of Aries, to form Trianguium minits, Tlie 
latter figure, however, is discontinued, though shown on the map. 

TELESCOPIC OBJECTS. 

1 a TRrAHOUU — A bright roraTH maonitcdb star, with a Telescopic companion : R. A 
lb. 48m. ftSs. ; Dec. N 28* 47' 08*. A i: i<, yellow ; B 11, lilac. 

*l. £ Triangdu— A MOST DEUCATB DOUBLB STAB ; R. A. Ih. d8m. SSs. : Dec. N. 82* 80' (A'. 
A 5^, bright yellow; B 15, dusky. 

8. A large and distin :t -but faint palb whitb nbbitla, between the Triangles and the 
head of the Northern Fish ; R. A. Ih. 24m. 5l8. ; Dec. N. 39* 51' 08*. A bright star a 
iiltie north-west, and five others more remote in the east. 



MUSOA (the fly).— map II. 

d3. This very small constellation lies directly between the 
back of Aries on the south, and the head of Medusa on the 
north. It has one star of the 2d, two of the 4th, and two of 
the 5th magnitudes. An unimportant asterism, and not always 
mentioned in the catalogues, though shown on the map. 

TELESCOPIC OBJECTS. 

1. A riNB docblb star over the back of Aries, nearly midway between the Pleiades ana 
ft AndromediB ; R. A. 2h. 81m. 20s. ; Dec. N. 26* 22' 02*. A 6, pale topas ; B 9, light bltae. 

An easy object. 

2. a MusGJi — a ooarsb qcadrcplb star, in the body of the figure, and forming Itn 
Aicida ; R. A. 2h. 40m. 848. ; Dec. N. 26* 85' 09'. A 8, white ; B 18, deep blue ; C 11, lurid , 
U 9, pale grey. Both these ohJects are usually classed as belonging to Aries. 

0ETU8 (the whale).— MAP II. 

54. As the whale is the chief monster of the deep, and the 
largest of the aquatic race, so is it the largest constellation in 
the heavens. It occupies a space of 50° in length, E. and W., 
with a mean breadth of 20° from N. to S. It is situated below 
Aries and the Triangles, with a mean declination of 12° S. It 
(s represented as making its way to the E., with its body below, 
md its head elevated above the equinoctial ; and is six weeks in 
)assing the meridian. Its tail comes to the meridian on the lOtb 
)f November, and its head leaves it on the 22d of December. 

55. This constellation contains 91 stars ; two of the 2d mag- 
tiitude, ten of the 3d, and nine of the 4th. The head of Cetus 

HreroRT. — Which ancient? Who formed the other > Now recognised, or not ? 

Tklbscopio Objects ? Double stars ? Nebulas ? 

•58. 8liv:j>.*lon of Musca? Stars? Relative importance? Is it always recognised as a 
TMnstellation? 64. Cetus? Comparative size? Situation? How represented? 

'». Numbei :>f stars * Magnitudes ? IIo-v m^y the head of Cetus be known ? nri^htest 



CETUS. 3;i 

lattj be readily distiagaished, ahczt 20"^ S. E. of Aries, bj means 
of five remarkable stars, i° and 5° apart, and so situated as to 
form a regular pentagon. The brightest of these is Menkar, of 
the 2d magnitude, in^ the nose of the Whale. It occupies the 
S. E. angle of the figure. It is 3^° N. of the equinoctial, and 
15° E. of El Rischa in the bight of the cord between the Two 
Pishes. It is directly 37° S. of Algol, and nearly in the same 
direction from the Fly. It makes an equilateral triangle with 
Arietis and the Pleiades, being distant from each about 23° S., 
and may otherwise be known by a star of the 3d magnitude in 
the mouth, 3° W. of it, called Gamma, placed in the south mid- 
dle angle of the pentagon. 

56. Nil is a star of the 4th magnitude, 4° N. W. of Gamma, 
and these two constitute the S. W. side of the pentagon in the 
bead of the Whale, and the N. E. side of a similar oblong figure 
in the neck. 

Three degrees St S. W. of Q amma, is another star of the 3d 
magnitude in the lower jaw, marked Delta, constituting the E. 
side of the oblong pentagon ; and 6° S. W. of this, is a noted 
star in the neck of the Whale, called Mira, or the " wonderful 
star of 1596," which forms the S. E. side. This variable star 
was first noticed as such by Fabricius, on the 13th of August, 
1596. It changes from a star of the 2d magnitude so as to 
become invisible once in 234 days, or about T times in 6 years. 
Herschel makes its period 331 days, 10 hours, and 19 minutes ; 
while Hevelius assures us that it once disappeared for 4 years ; 
so that its true period, perhaps, has not been satisfactorily deter- 
mined. 

The whole number of stars ascertained to be rariable amounts to onlj 16 ; whUe those 
which are suspected to be variable, amount to 87. 

57. Mira is 7° S. S. E. of JEl Rischa, in the bend or knot. of 
the ribbon which connects the Two Fishes. Ten degrees S. of 
Mira, are 4 small stars, in the breast and paws, about 3° apart, 
which form a square, the brightest being on the E. Ten degrees 
S. W. of Mira is a star of the 3d magnitude, in the heart, 
called Baten Kaitos, which makes a scalene triangle with tw(. 
other stars of the same magnitude 7° and 10° W. of it ; also, 
in equilateral triangle with Mira and the easternmost one in 
the square. 

rtar ? Position ? Name ? 56. Size and Position of Na ? Delta ? Mira ? Position T 
Peculiarity? When, and by whom first noticed? Period and extent of rariability? 
i^b Me umnber of rariable stars? 57. Baten KaUaat PosUion with regard to Mira > 
F* Ather ktars ? 
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A grMt Biimber of geometrical figures maj be formed from the stars in this, aod te 
most of the other constellations, merely by reference to the maps; but it is better that 
the student should exercise his own ingenuity in this way with reference to the stan 
tbemselyes, for when once he has constructed a group into any letter or figure of his own 
invention, he never will forget it. 

The teacher should therefore require his class to commit to writing the result of their 
own observations upon the relative position, magnitude and figures of the principal starn 
in each constellation. One evening's exercise in this way will disclose to the student a 
surprising multitude of erouety aquarM^ tHanfflea^ are$ and leUert^ by which he will be 
better able to identiQr and remember them, than by any inirt ructions that could be given. 

For example : Mira and Baten in the Whale, about 10* apart, make up the S. EL oi 
shorter side of an irregular square, with El Rischa in tlie node of the ribbon, and another 
star In the Whale as far to the right of Baten, as El Rischa is above Mira. Again, 

There are three stars of equal magnitude, forming a straight line W. of Baten ; from 
which, to the middle star is 10*, thence to the W. one 12 H ; and 8* or 9* S. of this line, 
in a trianguhu* direction, is a bright star of the second magnitude in the coil of the tail, 
e»Ued Diphda. 

Til a southerly direction, 25* below Diphda, is Alpha in the head of the Phenix, and 
%bout the same distance S. W. Is Fomalhaut, in the mouth of the Southern Fish, forming 
together a large triangle, with Diiriida in the vertex or top of it. 

That fine cluster of small stars S. of tlie little square in the Whale, constitutes a part 
of a new constellation called the OJ^mkxd Furnace. The two stars N. B., and the 
three to the southward of the little square, are in the river JSridam/ut. 

HISTORY. 

This constellation is of very early antiquity : though most writers consider it the 
famous sea-monster sent by Neptune to devour Andromeda because her rr' iter Cassio- 
peia had boasted herself fairer than Juno or the Sea Nymphs ; but slain .j i*erseus ana 
placed among the stars in honor of his achievement. 

" The winged hero now descends, now soars, 
And at Ills pleasure the vast monster gores. 
Deep in his back, swift stooping from above, 
His crooked sabre to the hilt he drove." 

It is quite certain, however, that this constellation had a place in the heavens long 
prior to the time of Perseus. When the equinoctial sun in Aries, which is right over the 
head of Cetus, opened the year, it was denominated the Preserver^ or JDeliverer*^ by the 
idolaters of the East. On this account, according to Pausanius, the sun was worshipped, 
at Eleusis, under the name of the Preserver or Saviour. 

** With gills pulmonic breathes the enormous whale, 
And spoute aquatic columns to the gale ; 
Sports on the shining wave at noontide hours, 
And shifting rainbows crest the rising showers.** — Darwin. 

TELESOOPIO OBJECTS. 

1. Cm— A DOUBLK BTAB *, R. A. Oh. 85m. 84s. ; Dec. S. 18* 61' 9*. A 33tf , yellow ; B 12, 
pale blue. 

2. y Cm— A CLOSX DOUBLK STAB in the Whale's month; R. A. 2h. 85m. 01s.; Dec. N 
2* 88' 5'. A 8, pale yellow ; B 7, Incid blue ; the colors finely contrasted. 

8. V A DOUBLE 8TAK in the Whale's eye ; y R. A. 2h. 27m. 298. ; Dee. N. 4* 68' 5*. AAii, 
pale yellow ; B 15, blue. 

4. A LOHQ HARROW NBBULA, of a pale, milky tint ; R. A. Oh. 89m. 45s. ; Dec. S. 26* 
10' 1*. It is situated in the space south of the tail of Cetus, near a line drawn from 

a Andromeda to 13 CetL Discovered by Miss Herschel, in 1788. 

6. A PLAHnART mkbula; R. a. 2h. 19m. 25fl.; Dec. S. 1° 51' 6'; in the middle of the 
Whale's neck. » 

6. A BRIGHT ROUND HRBULA ; R. A. Ih. 28m. 20s. ; Dec. S. 7^ 41' 8'. Registered 1/ Sb 
W. Herschel, 1785. It is Just above the Whale's back. 



Bistort.— Antiquity? Its original name? When, and why? What worship in 
lequence ? 
TsLBbOOPio Objbcts.- Betaf Oammaf NuV NebulsB? 



"PERSKUS, £T CAPUT MEDUSifi. iMi 

7. A somro stkllab kzbvla.^ near 6 In the Whale's lower Jaw, and about ^ii' Arom > 
on a line towards 6 , or sonth by west. A very distant ofc|}&nt, classed by Sir W. Hersc^i^. 
as 910 times as distant as stars of the first magnitude. 



PERSEUS, ET CAPUT MEDUSA.— MAP III. AND IV. 

58. Perseus is represented with a sword in lus right hand, 
the head of Medasa in his left, and wings at his feet. It is 
situated directly N. of the Pleiades and the Fly, between 
Andromeda on the W. and Auriga on the E. Its mean decli- 
nation IS 46° N. It is on the meridian the 24th of December. 
It contains, including the head of Medusa, 59 stars, two of 
which are of the 2d magnitude, and $our of the 3d. According 
to Eudosia, it contains, including the head of Medusa, 67 stars. 



-" Perseus next, 



Brandishes high in heaven his sword of flame, 
And holds triumphant the dire Qorgon^s head. 
Flashing with fiery snakes ! the stars he counts 
Are meOy-seoen; and two of these he boasts. 
Nobly refulgent in the second rank — 
One in his yest, one in Medusa's head.** 

d9. The Head op Medusa is not a separate constellation, 
out forms a part of Perseus. It is represented as the trunkless 
head of a frightful Gorgon, crowned with coiling snakes, instead 
of hair, which the victor Perseus holds in his- hand. There are, 
in all, about a dozen stars in the head of Medusa ; three of the 
4th magnitude, and one, varying alternately from the 2d to the 
4th magnitude. This remarkable star is called Algol. It is 
situated 12° E. of Almaack, in the foot of Andromeda, and may 
be known by means of three stars of the 4th magnitude, lying a 
few degrees S. W. of it, and forming a small triangle. It is on 
the meridian the 21st of December ; but as it continues above 
the horizon 18 hours out of 24, it may be seen every evening 
from September to May. It varies from the 2d to the 4th 
magnitude in about 3^ hours, and back again in the same time ; 
after which it remains steadily brilliant for 2f days, when the 
iame clianges recur. 

The periodical variation of Algol was determined in 1788, by John Goodricke, of York 
;fing.), to be 2 days, 20 hours, 43 minutes, and 66 seconds. Dr. Herscbel attributes the 
fariable appearance of Algol to spots upon its surface, and thinks it has a motion on its 
axis similar to that of the sun. He also observes, of variable stars generally : — " The 
rotary motion of the stars upon their axis is a capital feature in their resemblance to 
the sun. It appears to me now, that we cannot refuse to admit such a motion, and that 
indeed it may be as evidently proved as the diurnal motion of the earth. Dark spots, 



58. Perseus? How represented ? When on the meridian? Number of stars? Stsef 
69. Head of Medusa ? How represented? Number of stars? What remarkable ci«t 
Situation? Variableness and period? When and by whom determined? Supposed 
cause of variability ? Lalandc ? 

2* 
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or lArge portions of the surface less luminoos than the rest, turned altemaieJj tn eertala 
directions either toward, or from us, will account for all the phenomena of periodical 
ehaoges in ttie lustre of the stars, so satisfactorily, that we certainly need not look out 
far any other cause." 

It is said that the famous astronomer Lalande, who died at Paris in 1807, was wont t« 
remain whole nights, in his old age, upon the Pont NeVff^ to exhibit to the curious the 
variations in the brilliancy of the sUr Algol. 

60. Nine degrees E. by N. from Algol, is the bright star Algt- 
niby of the 2d magnitude, in the side of Perseus, which with A I- 
maack, makes a perfect right angle at Algol, with the open part 
towards Cassiopeia. By means of this strikingly perfect figure, 
the three stars last mentioned may always be recognized without 
the possibility of mistaking them. Algenib may otherwise be 
readily distinguished by its being the brightest and middle one 
of a number of stars lying four and five degrees apart, in a large 
senjicircular form, curving towards Ursa Major. 

Algenib comes to the meridian on the 21st December, 15 minutes after Algol, at which 
time the latter is almost directly overhead. When these two stars are on the meridian, 
that beautiful cluster, the Pleiades, is about half an hour E. of it; and in short, the 
most brilliant portion of the starry heavens is then visible in the eastern hemisphere. 
The glories of the scene are unspeakably magnificent ; and the student who fixes his 
eye upon those lofty mansions of being, cannot fail to covet a knowledge of their order 
and relations, and to " reverence Him who made the Seven Stars and Orion." ^ 

61. The Milky Way around Perseus is very vivid, being undoubt- 
edly a rich stratum of fixed stars, presenting the most wondei 
ful and sublime phenomenon of the Creator's power and great- 
ness. Kohler, the astronomer, observed a beautiful nebula near 
the face of Perseus, besides eight other nebulous clusters in dif- 
ferent parts of the constellation. 

The head and sword of Perseus are exhibited on the circnmpolar map. That very 
bright star 28* E. of Algol, is Capella in the Charioteer. 

HISTORY 

Perseus was the son of Jupiter and Danae. He was no sooner born than he was cant 
irto the sea, with his mother ; but being driven on the coasts of one of the iiilands of the 
Cyclades, they were rescued by a fisherman, and carried to Polydectes, the king of the 
place, who treated them with great humanity, and intrusted them to the care of the 
priests of Minerva's temple. His rising genius and manly courage sooti made him a 
favorite of the gods. At a great feast of Polydectes, all the r.obles were expected to 
present the king with a superb and beautiful horse ; but Perseus, who owed his benefac- 
tor much, not wishing to be thought less munificent than the rest, engaged to bring him 
the head of Medusa, the only one of the three Oorgons, who was subject to mortality. 
The names of the other two were Stheno and Euryale. They were represented with ser- 
pents wreathing round their heads instead of hair, having yellow wings and brasen 
hands ; their bodies which grew Indissolubly together, were covered with impenetrable 
scales, and their very looks had the power of turning into stones all those on whom 
they fixed their eyes. 

To equip Perseus for this perilous enterprise, Pluto, the god of the infernal regions, 
(ent him his helmet, which had the power of rendering the wearer invisible. Minerva, 
the goddess of wisdom, furnished him with her buckler, which was as resplendent as a 
iiolished mirror ; and he received from Mercury wings for his feet, and a dagger made 



60. Algenib ? How known ? When on the meridian ? Wliere, then, are the PI siadea ? 
iVhat the general aspect of the heavens ? 61. Milky Way around Perseus ? Obaerva 
lion of Kohler? 

UiaTORT.— Who was Perseus f What fate at birth, &c. * 



PERSEUS, ET CAPUT MEDUSJB. "*- 

jf diaix^Auk Thus equipped, he mounted into the ftir, conducted by Hirer va, and came 
upon tl.c n.u.iMterR who, with the watchful snakes about their heads, were all asleep. Ur 
approached th<.m, and with a courage which amaaed and delighted Minerva, cut on with 
one blow Medusa's head. The noise awoke the two iuimortal sisters, but Pluto's helmet 
rendered Perseai invisible, and the vengeful pursuit of the Gorgons proved fruitless. 

** In the mirror of his polished shield 
Reflected, saw Medusa slumbers take. 
And not one serpent by good chance awake ; 
Then backward an unerring blow he sped, 
And from her body lopped at once her bead." 

Prrseus then made his way through the air, with Medusa's head yet reeking in hu 
hand, and from the blood which dropped from it as he flew, sprang all those innumerable 
a«/pents that have ever since infested the sandy deserts of Libya. 

** The victor Perseus, with the Oorgon head. 
O'er Libyan sands big airy journey sped. 
The gory drops distilled, as swift he flew, 
And from each drop envenomed serpents grew.** 

The destmotion of Medusa rendered the name of Perseus immortal, and he wa» 
changed into a coLStellation at liis death, and placed among the stars, with the head «< 
Medusa by his side. 

TELESCOPIC OBJECTS. 

1. a PxBSBi— A nNX doublr stab i R. A. 8h. 12m. 55s. ; Dec. N. 49* 17' 2*. A 2)$, bril 
liant lilac ; B9, cinereous. This is Algenib^ in the hero's lejt side. 

2. /3 Pkrski, or Alffol; R. A. 2h. 57m. 4^.; Dec. N. 41* 20'. A variable doublb stab. 
A 2 to 4, whitish ; B 11, purple. The former varies in brightness periodically, from the 
2d to the 4th magnitude, and back again to the 2d magnitude, period being 2d. 20h. 4Sm. 
Ms. ; an object of great interest. 

8. y PBR8KI— A WIDE UNEQUAL D0I7BLB STAR in the hero's left shoulder ; R. A. Sh. 68m. 
14s. ; Dec. N. 52* 52' 4*. A 4, flushed white ; B 14, clear blue. 

4. d PxBsai— A BRIGHT STAR With a Companion in the hero's hip; R. A., 8h. 81m. 88«.; 
Dec, N. 47* 16' 2'. About 8* south-west of a Persei. A SH, white ; B II, pale blue. 

5. c Pkrsbi— A VBAT DOUBLB STAR in tfac Tight kuec; R. A. 8h. 47m. 08s. ; Dec. N. 89* 
82' 4'. A 8X, pale white ; B 9, lilac ; a iine delicate otjject. 

6. ^ Pkrsbi— A oxlicatb quadruplb star; R. A. 8h. 44m. OSs. ; Dec. N. 81* 24 2*. 
A 8H, flushed white; B 10, smalt blue; C 12, ash-colorcd; D 11, blue. It is situated in 
the r.ght foot, and is designated by Smyth as ** an elegant group." 

7. 7; Perski— A riNB doublb star in the head of the figure; R. A. 2h. 89m. (Md.; Dec. 
N. 55* 18' J5'. A 5, orange ; B 8H1 smalt blue ; the colors in fine contrast. 

8. A OORGEOUB clurkb in the sword handle of Perseus ; R. A. 2h. Otei. SSs. ; Deo. N. 
56* 24' 4*. It may be seen with.the naked eye, and when seen through a good telescope, 
is one of the most magnificent ol:iJects in the heavens. Map VIII., Fig. 25. 

9. An bztbhstvb ahd rich cluster on the right side of Perseus, in a rich portion of 
the galaxy. R. A. 8h. 04m. Ols.; Dec. N. 46' 87' 9'. Smyth says "it has a gathering 
spot about 4' in diameter, where the star-dust glows among minute pointe of light." 
Uerschel says, " the large stars are arranged in lines like interwoven letters. 

10. An xlonqatbd mbbula ; R. A. 2h. 80m. 25s. ; Deo. N. 88* 21' 8' ; supposed to be a 
vast ring, seen obliquely. Map YIII., Fig. 26. 

11. A pretty compressed oval group of stars, in the left knee of Perseus, nearly mid- 
way between ^ and fi; R. A. 8h. 5Sm. lis.; Dec. N. 49* 04' 05'. A well-marked ottject, 
surrounded by a curve of larger stars, somewhat in the form of the letter D. Map Vm., 
Fig. 27. 

Trlrsoopio Objbcts.— Alpha ? Beta? Gamma f Delta? Epsilon? Zeta? Etaf 
Clust<>rd* Nebula? Which shown on the map ? 
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CHAPTER III. 

OONffTEUULTIONS ON THE MERIDIAN IN JANUARY. 

TAURUS (thk bull).— map HI. 

C2. Taurus is represented in an attitude of rage, as if abi^iit 
to i)lunge at Orion, who seems to invite the onset by provoca- 
tions of assanlt and defiance. Only the head and shoulders of 
the animal are to be seen ; but these are so distinctly marked 
that they caimot be mistaken. 

The conatellations which para our meridian in the months of January, Febmary and 
March, present to us the most brilliant and interesting portion of the heavens ; embrao- 
ing an annual number of stars of the highest order and brigbtnesa, all so conspicoouslj 
situated, that the most inexperienced can easily trace them out. 

63. Tanrns is now the second sign and third constellation of the 
Zodiac ; but anterior to the time of Abraham, or more than 
4000 years ago, the vernal equinox took place, and the year 
opened when the sun was in Taurus; and the Bull, for the space 
of 2000 years, was the prince and leader of the celestial host. 
The Ram succeeded next, and now the Fishes lead the year. 
The head of Taurus sets with the sun about the last ot May, 
when the opposite constellation, the Scorpion, is seen to rise in 
the S. E. It is situated between Perseus and Anriga on the 
north, Gemini on the east, Orion and Eridanus on the south, and 
Aries on the west, having a mean declination of 16° N. 

64. Taurus contains 141 visible stars, including two remark- 
able clusters called the Pleiades and Hyades. The first is now 
on the shoulder, and the latter in the face of the Bull. The 
names of the Pleiades are Alcione, Merope, Maia, JaJlectra, 
Tayeta, Sterope and Celeno. Merope was the only one who 
married a mortal, and on that account her star is dim among her 
sisters. Although but six of these are visible to the naked eye, 
yet Dr. Hook uforms us that, with a twelve feet telescope, he 
saw 78 stars; and Rheita affirms that he counted 200 stars in 
this small cluster. For its ajjpearance through an ordinury tele- 
scope, see Map VIII., Fig. 28. 

The most ancient authors, such as Homer, Attains, and Qeminus, counted only Has 
Pleiades; but Simonides, Varro, Pliny, Aratus, Hipparchus, and Ptolemy, i.tfcon then. 

62. How is Taurus represented ? How much of him seen f What constellations most 
brilliant? 68. In what «V^ is Taurus ? What constellation ? How 4000 years a^f 
What next led the year? What now? At what time does Taurus set with the sun? 
flow situated? 64. How many visible stars in Taurus? Clusters? How situated? 
Names of the Pleiades? What said of Merope? How many of tlie Pleiadc; visibU (c 
the naked cyn? Dr. Hook and Rheita? Ancient authors? , 



TAURUS. «> * 

leven in naiub«r ; aiid it was ftsserted, that the serenth had been seen before the buru 
Ing of Troj ; but this difference might arise from the difference in distingmshing theia 
with the naked eye. 

65. The Pleiades are so called from the Greek word, irkeetv 
pJ^n, to sail; because at this season of the year, they were 
considered " the star of the ocean" to the benighted mariner. 

Virgil who flourished 1200 years before the invention of the magnetic needle, sayt 
that the stars were relied upon, in the first ages of nautical enterprise, to guide the rudf> 
bark orer the seas. 

(* Tunc ainos primum fluvii sensere cavatas ; 
Narita tum stellis ntimeros, et nomina fecit, 
Pleiadas, Hyadas, claramque Lycaonis Arcton.*' 

" Then first on seas the shallow alder swam ; 
Then sailors quarter*d heaven, and found a name 
For every fix*d and every wand'ring star — 
The Pleiades, Hyades, and the Northern Oar." 

The same poet also «. escribes Palinurus, the renowned pilot of the Trqjan fieet, as 
watching the face of the nocturnal heavens. 

** Sidera cuncta notat tacito labentia coelo, 
Arcturum, pluviasque Hyadas, geminosque Triones, 
Armatum^ue auro circumspicit Oriona." 

** Observe the stars, and notes their sliding course, 
Ihe Pleiades, Hyades, and their watVy force ; 
And both the Bears is careful to behold. 
And bright Orion, arm'd with burnished gold." 

Indeed, this sagacious pilot was once so intent in gazing upon the stars while at the 
helm> that he fell overboard, and was lost to his companions. 

" Headlong he fell, and struggling in the main, 
Oried out for helping hands, but cried in vain.** 

66. Alcyone, of the 3d magnitude, being the brightest star in 
this cluster, is sometimes called the light of the Pleiades, The 
other five are principally of the 4th and 6th magnitudes. The 
Pleiades, or, as they are more familiarly termed, the seven stars, 
come to the meridian 10 minutes before 9 o'clock, on the even- 
ing of the 1st of January, and may serve in place of the sun, to 
indicate the time, and as a guide to the surrounding stars. 

According to Hesiod, who wrote about 900 years before the birth of our Savior, th> 
heliacal rising of the Pleiades took place on the 11th of May, about the time of harvest 

" When, Atlas-born, the Pleiad stars arise . 
Before the sun above the dawning skies, 
'Tis time to reap ; and when they sink below 
The mom-illumined west, 'tis time to sow.** 

Thus, in all ages, have the stars been observed by the husbandman, for ** signs and 
for seasons.** 

Pliny says that Thales, the Miletan astronomer, determined the cosmical setting of 
the Pleiades to be 25 days after the autumnal equinox. This would make a difference 
between the setting at that time and the present, of 85 days, and as a day answers to 
about 59' of the ecliptic, these days will make 84' 25'. This divided by the annual pre- 
cession (50!^'), will give 2465 years since the time of Thales. Thus does astronomy 
become the parent of chronology. 



* 65. Why Pleiades so called? Remark, and quotations AromVbrgil? 66. What said 
of Alcyone f Of the nther five ? When on the meridian ? Serve what purpose ? Period, 
and remark of Hesiod? Of Pliny? What calculation respecting the passage of thn 
Pleladta .>ver the meridian ? 
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If it be borne in mind that the stars uniformly rise, come to the meridian, and nc*t abo'it 
four minutes earlier every succeeding night, it will be very easy to determine at what 
time the seven stars puss the meridian ou any night subsequent or antecedent to the 
1st of January. For example : at what time will the seven stars culminate on tlie 5tb 
of January? Multiply the 6 days by 4, and take the result from the time they culminate 
•n tlie 1st, and it will give/K) minutes after 8 o'clock in the evening. 

67. The Pleiades are also sometimes called Vergiliaj or tb* 
" Virgins of Spring ;" because the sun enters this cluster in the 
" season of blossoms," about the 18th or May. Jle who made 
them alludes to this circumstance when he demands of Job : 
" Canst thou bind the sweet influences of the Pleiades," &c — 
(Job 38 : 31.) 

The Syrian name of the Pleiades is Succoth^ or Sitccoth-Benoth., derived f^om a Chai< 
daic word, which signifies ** to speculate, to observe,'' and the " Men of 8uoc««tb" 
(2 Kings 17 : 80) have been thence considered observers of the start. 

68. The Hyadts are situated 11° S. E. of the Pleiades, in the 
face of the Bull, and may be readily distinguished by means of 
five stars so placed as to form the letter V. (Map VIIL, Fig. 
29.) The most brilliant star is on the left, in the top of the 
letter, and called Aldtharan ; from which the moon's distance is 
computed. 

** A star of the first magnitude iUumea 
His radiant head ; and of the second rank, 
Anotlter beams not far remote." 

The ancient Greeks counted seven in this cluster : — 

" The Bull's head shines with seven refulgent flames, 
Which, Greda^ Uyades, from their hk^cerinff names.** 

69. Aldebaran is of Arabic origin, and takes its name from 
two words which signify, ** He went before, or led the way*' — 
alluding to that period in the history of astronomy when this 
star led up the starry host from the vernal equinox. It coines 
to the meridian at 9 o'clock on the 10th of January, or 48^ 
minutes after Alcyone, on the 1st. When Aries is about 2V 
high, Aldebaran is just rising to the east. So Manilius : — 

" Thus, when the Ram hath doubled ten degrees. 
And Join'd seven more, then rise the Hyades." 

k line 15H* E. N. E. of Aldebaran will point out a bright star of the 2d magnitude in 
tl.a extremity of the northern horn, marked Beta or El Nath ; (this star is also in the 
foot of Auriga, and is common to both constellations.) From Beta in the northern horn, 
to Zeta, in the tip of the southern horn, it is 8*, in a southerly direction. This star 
forms a right angle with Aldebaran and Beta. Beta and Zeta, then, in the button of the 
horns, are in a line nearly north and south, 8* apait, with the brightest on the north 
That very bright star nj>i* N. of Beta, is Cap^Ua^ in the xonstellaiiou Auriga. 



C7. What other name have the Pleiades, and why ? Citation from Job ? Syrian name T 
68. Where are the ITyades situated? How known? Where the most brilliant star? 
Name? Are they shown on the map? 69 Origin and import of the name ^^e&aran f 
When does it come to the meridian at 9 o'clock p.m. ? Where is Beta? In wLat other 
constellation? Zeta, and its distance? How situated with reference to AKibarar. ani 
Beta? Eow Beta and Zeta ? Capella^ 
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HISTOaY. 

According to the Grecian mythoiogy, this is thi animal which bore Earopft orer t)i« 
»eas to that country wliich derived from her iis name. ' She was the daughter uf Ageaor 
and princess of Phceuicia. She was so beautiful that Jupiter became enamoured of her 
and assuming the shape of a snow-white bull, he mingled with the herds of Agenor 
while Europa, with her female attendants, were gathering flowers in the meadows. 
Europa care-'sed the beautiful animal, and at last had the courage to sit up<m his back. 
The god now took advantage of her situation, and with precipitate steps retired towards 
Uie shore, and crossed the sea with Europa upon his back, and arrived safe in Crete. 
Some suppose she lived about 1552 years before the Christian Era. It is probable, however, 
that this constellation had a place in the Zodiac before the Greeks began to cultivate a 
knowledge of the stars; and that it was rather an invention of the Egyptians or Chal- 
deans. Both the Egyptians and Pftrsians worshipped a deity under this figure, by the 
name of Apis ; and Belzoni is said to have found an embalmed bull in one of the notable 
sepulchres near Thebes. 

In the Hebrew Zodiac, Taurus is ascribed to Joseph. 

The Pleiades, according to fable, were the seven daughters of Atlas and the nympA 
Pleione, who were turned into stars, with their sisters the Uyades, on account of their 
amiable virtues and mutual affection. 

Thus we everywhere find that the ancients, with all their barbarism and idolatry, 
entertained the belief that unblemished virtue and a meritorious life would meet their 
reward in the sky. Thus Virgil represents Magnus Apollo as bending from the sky to 
^ddress the youth lulus : — 

" Macte nova virtute puer ; sic itur ad astra ; 
Diis genite, et geniture Deos." 

**Go on, spotless boy, in the paths of virtue; it is the way to the stars; offspring of 
the gods thyself — so shalt thou become the father of gods." 

Our disgust at their superstitions may be in some measure mitigated, by seriouslj 
reflecting, that had some of these personages lived in our day, they had been orna> 
ments in the Christian Church, and models of social virtue. 

TELESCOPIC OBJECTS. 

1. a Tauri {Aldebarcm)^A star of the first magnitude with a telescopic companion 
R. A. 4h. 26m. 44s. ; Dec. N. 16° 10' 9'. A 1, pale rose tint ; B 12, sky blue. 

2. 0TAVRI {El I/dthy-n. A. 6h. 16m. lis.; Dec. N. 28* 28'. A fin^ star, with a 
distant companion. A 2, brilliant white ; BIO, pale grey. 

8. y Tauri— One of the Hyades ; R. A. 4h. lOm. 4l8. ; Dec. 11' 14' V. A bright star, 
with a distant telescopic companion ; A 8Hi yellow ; B 11, pale blue. 

4. rj Tauri {Alcyons)— One of the Pleiades; R. A. 8h. 87m. 67s.; Dec. N. 28* 86' 8'. 
A 8, greenish yellow ; B, pale white and distant. 

5. A NEBULOUS star; R. a. 8h. 69m. 06s.; Dec. N. 80* 20' 6". A st-ir of the eighth 
magnitude, with a faint luminous atniosphere surrounding it, and about 8' in diameter. 
This star and nebula led Sir William Herschel to adopt his Nebula Theory, or theory of 
condensation of gas or nebulous matter, into suns anl worlds. 

6. A LARGS NEBULA ; R. A. 6h. 24m. 51s.; Dec. N. 21° 54' 2'. It is about one degree 
uorth-west of ^in the tip of the Bull's southern horn. It is an oval form, with several 
minute telescopic stars in its vicinity. For drawing, see Map VIII., Fig 80. 

Of the I*Uiades and Hyadea, two prominent clusters, we have spoken at 64, 66 



ORION.— MAP III. 

70. Whoever looks up to this constellation and learns its 
name, will never forget it. It is too beautifully splendid to need 
a description. When it is on the meridian, there is then above 

"HiSTORT.— story of Europa and Jupiter? What probability? What said of the 
Cgyp'Jans and Persians? Hebrew zodiacs? Fabulous paternity of the Pleiades? Why 
.urned into stars? What remarks respecting the ancients? 

Tklbscopic 0bj(sct8. — Alpha? Beta? Gamma? Eta? NebulsB? Point out on the 
map. 

70. What is said of Orion ? Of the view when on the meridian ? How is Orton repre 
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the horizou the most magnificent view of the celesUal bodies 
that the starry firmament affords ; and it is visible to all the 
habitable world, because the equinoctial passes through the 
middle of the constellation. It is represented on celestial maps 
by the figure of a man in the attitude of assaulting the Bull, 
with a sword in his belt, a huge club in his right hand, and the 
skin of a lion in his left, to serve for a shield. 

M ftniliut, a Latin poet, who oomposed five books on astronomy a short time before the 
birth of our Sayiour, thus describes its appearance : — 

" first next the Twins, see great Orion rise, 
His arms extended stretch o'er half the skies * 
His stride ae large, and with a steady pace 
He marches on, and measures a vast space ; 
On each broad shoulder a bright star displayed, 
And three obliquely grace his hanging blade. 
In his Tast head, immers'd in boundless spheres, 
Three stars, less bright, but yet as great, he bears, 
But farther ofT removed, their splendor's lost ; 
Thus graced and arm'd he leads the starry host." 

71. The centre of the constellation is midway between the 
poles of the heavens and directly over the equator. It is also 
about 8° W' of the solstitial colure, and comes to the meridian 
about the 23d of January. The whole number of visible stars 
in this constellation is 78 ; of which, two are of the first magni- 
tude, four of the 2d, three of the 3d, and fifteen of the 4th. 

T2. Those four brilliant stars in the form of a long square or 
parallelogram, intersected in the middle by the " Three Stars," 
or " Ell and Yard," about 25° S. of the Bull's horns, form the 
outlines of Orion. The two upper stars in the parallelogram are 
about 15° N. of the two lower ones ; and, being placed on each 
shoulder, may be called the epaulets of Orion. The brightest 
of- the two lower ones is in the left foot, on the W., and the 
Other which is the least brilliant of the four, in the right knee. 
To be more particular ; Bellatrix is a star of the 2d magnitude 
on the W. shoulder ; Betelguese is a star of the 1st magnitude, 
7^° E. of Bellatrix, ou the E. shoulder. It is brighter than 
Bellatrix, and lies a little farther toward the north ; and comes 
to the meridian 30 minutes after it, on the 21st of January. 
These two form the upper end of the parallelogram. 

73. Rigel is a splended star of the 1st magnitude, in the left 
foot, on the W. and 15° S. of Bellatrix. Saiph is a star of the 
3d magnitude, in the right knee, 8^° E. of Rigel. These two 
ff rm the lower end of the parallelogram. 

sented on the map£ ? How described by Manilius ? 71. Situation of Orion f Number 
of visible stars ? Magnitudes f 72. What is the Ell and Yard f What constitutes the 
outline of Orion? Where is BeUatrisBf BetelffueM and magnitude? 78. JUiftif 
S>:iphr 
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^' First in rank 

The martial star upon his shoulder flames ; 
A riral star illiltninates his foot ; 
And OB his girdle beams a luminary 
Which, in vicinity of other stars, 
Might claim the proudest honors." 

14. There is a little triangle of three small stars in the head- 
of Orion, which forms a larger triangle with the two in his 
shoulders. In the middle of the parallelogram are three stars 
of the 2d magnitude, in the belt of Orion, that form a straight 
line about 3° in length from N. W. to S. E. They are usually 
distinguished by the name of the Three Stars, because there are 
no other stars in the heavens that exactly resemble them in 
position and brightness. They are sometimes denominated the 
TTiree Kings, because they point out the Hyades and Pleiades 
on one side, and Sirins, or the Dog-star, on the other. In Job 
they are called the Bands of Orion ; while the ancient husband- 
men called them JacoVs rod, and sometimes the Rake. The 
University of Leipsic, in 1807, gave them the name of Napoleon. 
But the more common appellation for them, inclining those 
in the sword, is the EU a/nd Yard, They derive the latter name 
from the circumstance that the line which unites the *' three 
stars" in the belt measures just 3° in length, and is divided by 
the central star into two equal parts, like a yard-stick ; thus 
serving as a graduated standard for measuring the distances of 
stars from each other. When, therefore, any star is described 
as being so many degrees from another, in order to determint 
the distance, it is recommended to apply this rule. 

It is necessary that the scholar should task his ingenuity only a few evenings in apply- 
ing such a standard to the stars, befbre he will learn to judge of their relative dlstancei 
with an accuracy that will seldom vary a degree from the truth. 

16. The northernmost star in the belt, called Mintika, is less 
than ^° S. of the equinoctial, and when on the meridian, \& 
almost exactly over the equator. It is on the meridian, the 24th 
of January. The " three stars " are situated about 8° W. of 
the solstitial colure, and uniformly pass the meridian one hour 
and fifty minutes after the seven stars. There is a row of stars 
of the 4th and 6th magnitudes, S. of the belt, running down 
obliquely towards Saiph, which forms the sword. This row \t 
also called the EU because it is once and a quarter the length 
of the Yard or belt. 

74. What constitutes the Tiead of Orion? What in the middle of the parallelogram f 
Names, and why? *» Three stars?" »• Three Kings?" "Bands of Orion," "Jacob's 
Rod," Napoleon," " Ell and Yard ? Use of the Ell and Yard ? 75. What said of Jfin^ 
Uka t Of the *« three stars?" What other row of stars? Forms what? CaUed what 
and why? 
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16. About 9° W. of Bellatrix, arc eight stars, chiefly of the 
4th magaitude, iii a curved Hue running N. and S. with the con- 
cavity toward Orion ; these point out the skin of the lion in 
his left hand. Of Orion, on the whole, we may remark wi^ 
Eudosia:- - 

** He who admires not, to the stars is blind.** 

HISTORY. 

According to some authorities, Orion was the son of Neptune and queen Eoryale, a 
7amoua Amazonian huntress, and possessing the disposition of his mother, he l^am« 
the greatest hunter in the world, and even i>oasted that there was not an animal ou 
ea.'th which he could not conquer. To punish this vanity, it is said that a scorpion 
sprung up out ot the earth and bit his foot, that he died ; and that at tli« request of 
Diana he was placed among tlie stars directly opposite to the Scorpion that caused hik 
death. Others say that Orion had no mother, but was the gift of the gods, Jupiter, 
Neptune, and Mercury, to a peasant of BoeottH, as a reward of piety, and that he was 
invested with the power of walking over the sea without wetting his feet. In strength 
and stature he surpassed all other mortals. He was sicilled in the worlcing of Iron, from 
which be fabricated a subterranean palace for Vulcan ; he also wailed in the coasts of 
Sicily against the inundations of the sea, and built thereon a temple to its gods. 

Orion was betrothed to the daughter of (Enopiou, but he, unwilling to give up his 
daughter, contrived to intoxicate the illustrious hero and put out his eyes, on the sea* 
shore where he had laid himself down to sleep. Orion, finding himself blind when he 
awoke, was conducted by the sound to a neigtiboruig forge, where he placed one of the 
workmen on his back, and, by his directions, went to a place where the rising sun was 
seen with the^reatest advantage. Here he turned his face toward the luminary, and, 
as it is reported, immediately recovered his sight, and hastened to punish the perfidioui 
cruelty of (Encpion. 

As tlie constellation Orion, which rises at noon about Uie 9th day of March, and sets a' 
noon about the 2l8tof June, is generally supposed to be accompanied, at its rising, with 
great rains and storms, it became extremely terrible to mariners, in the early advi>c- 
tures of navigation. Virgil, Ovid, and Horace, with som« of the Greek poets, make 
mention of this. 

Thus Eneas accounts for the storm which east him on the African coast on his way (• 
ZtaJy :— 

" To that blest shore we steerM our destined way, 

When sudden, dire Orion rousM the sea ; 

All charg'd with tempests rose the baleful star, 

And on our navy pour*d his wat*ry war.'* 

To induce him to delay his departure, Dido's sister advises her to 

"Tell him, that, charged with deluges of rain, 
Orion rages on the wintry main." 

The name of this constellation is mentioned in the l>ooks of Job and Amos, and in 
ilomer. The inspired prophet, penetrated like the psalmist of Israel with the omni- 
science and power displayed in the celestial glories, utters this subliire injunction : ** Seek 
tlim that maketh the seven stars and Orion, and turneth the shadow of death Into 
Lioniing." Job also, with profound veneration, adores his awful majesty who " com- 
n audeth the sun and sealeth up the stars ; who alone spreadeth out the heavens, and 
uiaketh Aix;turtts, Orion, and Pleiades, and the chambers of the south :" and in anothe' 
f >iace, the Almighty demands of him — ** Knowest thou the ordinances of heaven? Canst 
tlinu bind the sweet influences of the Pleiades, or loose the bands of Orion; canst thou 
bring forth Massaroth in his season, or canst thou guide Arcturus with his sons?" 

Calmet supposes that Matzaroth is here put for the whole order of celestial bodies ir 
the Zodiac, which, by their appointed revolutions, produce the various seasonii of th< 
ye.ir, and the regular succession of day and night. Arctuftca is the name of the prin- 
cipal star in Bootes, and is here put for the constellation itself. The expression, his «07i«, 
doubtless refers to Asterion and Chara, the two greyhounds, with which, he s«)ems to be 
pursuing the Great Bear around the North pole. 

76. What star*! mentioned west of Bellatrix? Remark respecting Orion? 

liiSTORV. — Story of parentage? Disposition and boasting? Punishment? Whai 
»:lier account? What mention of by Virgil? By Job and Homer? Suppoaitioa of 
CalTi-.et? Wha' meant by " Arcturus and his sons?" 
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TELESCOPIC OBJECTS. 

1. .1 Orioitb {BeMffUM«y-K. A. 5h. 46in. 8t)8. ; Dee. N. 7* 22' 8\ A I, orange tint: 
B 11, bluiab. 

2. Orionis (Riffel\—K. A. 5h. 6in. Sis ; Dec. S. S* 23' 5*. A 1, pale yellow; Bt, 
sapphire blue. Map VIII. Fig. 8. 

8. y Okiomis (£t,ila^t'ix)—ii. A. 5h. I6111. 8Sa. ; Dec. N. 6* 12'. A riMi stab, with a 
minuti* (L'stant coiupaniun. A 2, pale yellow ; B 15, grey. 

4. 6 Orionih (Miniaka) — A coarse doublb star in the girdle of the figure; B. A. 6h 
28m. ftOs. ; Dec. S. 0' 25' 4*. A 2, white ; B 7, pale violet. 

5. E Orionis {AlnUam) in the centre of hii* belt ; R. A. 5h. 2$in. 06e. ; Dec. S. 1' 18' 6* 
A 2)^, white and nebulous ; B. 10, pale blue. 

6. s Oriokis (AliiUah) the last or lowest in the belt ; R. A. 6h. 82m. 41 s. ; Dec. 3. 2* 0» 
A fine TRIPLK STAB. A 8, topas yellow ; B 6)^, light purple ; and C 10, gray. 

7. A minute ooublk stab and cluster, in Orion's left hand; B. A. 6h. 69m. SSe. ; Deo. 
N. 18* 58' 6*. A IHy B 8)i, both lucid white. 

8. Another doublb stab in a cluster, in the left shoulder; R. A. 6h. 08m. 858. ; De;. N. 
5' 28' 9*. A 9)^ and B 10, both pale yellow. A tolerably rich cluster, with numerous 
stragglers. 

9. A PLANBTAT XEBCLA, of B bluish whito tint, on the nape of Orion's neck — small, pale, 
but quite distinct. R. A. 5h. S8m. 21s. ; Dec. N. 9" 00' 2*. 

10. Two stars " in a wispt nebula," just above the left hip; R. A. Bh. 88m. 88s. ; Dec. 
N. 0* 00' 7*. A 8^ and B. 9, both white. A singular mass, between two small stars, about 
equi-distant, in a blankish part of the heavens. 

11. The GBRAT MBBI7LA OP Orion — ^The most conspicuous nebula in all the heavens. It 
is situated in the sword of Orion, below the middle star of the belt ; R. A. 5h. 27m. 258.; 
Dec. S. 5' 80'. For its position in the constellation see Map VIII., Fig. 81. It may be 
seen with a common telescope. There is an apparent opening in one side of this nebula, 
through which, as through a window, we seem to get a glimpse of other heavens, and 
brighter regions. (Map VIII., Fig. 82.) 

12. The middle star in the sword is in the midst of this nebula, and with powerful tele- 
scopes is found to be sextuple. The writer has often seen the fifth star with a 6-incb 
refractor. These stars constitute the lyapeedum of Orioti, The region around this 
nebula is rich in stars, as shown on Map VIII., Fig. 88. 

LEPUS (rHE hare).— MAP III, 

77. This constellatioA is situated directly south of Orion, and 
comes to the meridian at the same time ; namely, on the 24th 
of Tanuary. It has a mean declination 18° S., and contains 19 
bmall stars, of which, the four principal ones are of the 3d magni- 
tude. It may be readily distinguished by means of four stars 
of the 3d magnitude, in the form of an irregular square, or 
trapezium. 

78. Zeta, of the 4th magnitude, is the first star, and is 
situated in the back, 5° S. of Saiph, in Orion. About the same 
distance below Zeta are the four principal stars, in the legs and 
feet. These form the square. They are marked Alpha, Beta. 
Gamma, Delta. 

Tklescx)Pic Objbcts. — Alpha? Beta? Gamma? Delta, Ac? What double BtBiaT 
Nebulsp? Point out on the map? 

77. Location of Lepus? Number and magnitude of stars? How may it be disciU' 
iruished ? 78. Siae and situation of Zeta ? Other principal stars ? How martce«l on 
the map? 
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79. Alpha, otherwise called Arneb, and Beta form the N. W 
end of the. trapezium, and are about 3° apart. Gamma and 
Delta form'the 8. E. end, and are about 2^" apart. The upper 
right-hand one, which is Arneb, is the brightest of the four, and 
is near the centre of the constellation. Four or five degrees S. 
of Bigel are four very minute stars, in the ears of the Hare. 

HISTORY. 

This constellation is tltaated about 18* west of the Oreat Dog, which, from the motion 
of the earth, seeiu to be pursuing it, as the Greyhounds do the Bear, round the Circuit 
of the skies It was one of those animals which Orion is said to have delighted in hunt- 
ing, and which, for this reason, was made into a constellation and placed near him 
among the stars. 

TELESCOPIC OBJECTS. 

1. a Lbporis lAmeOy-lL distant double stab ; R. A. 6h. 25m. 408. ; Dec. 8. 17* 56' 05'. 
A 8>tf, pale jrellow ; fi 93ti, grey. 

2. /i Lbporis (ilTiAo/)— A star with a distant telescopic companion ; R. A. 5h. 21m. 28s. ; 
Dec. 8. 20* W (»'. A 4, deep yellow ; B 11, blue. 

8. y LKPORia— A wide triplb star in a barren field; R. A. 5h. 87m. 488.; Dec. S. 22* 
80' 02'. A 4, light yellow ; B 6)^, pale green ; C 18, dusky. 

4. I Lbporis — A delicate doublb star in the Hare's left ear ; R. A. 5h. 04m. 50s. ; Dec. 
8. 12* 08' U9'. A 4)i, white ; B 12, pale violet, with a reddish disUnt star nearly north. 

5. K Lbporis — A close doublb star, at the root ofithe left ear; R. A. 6h. 6m. 5l8. ; Dec. 
8. 18* 08'. A 5, pale white ; B 9, clear grey. 

6. A bright btbllab nebula, under the Hare's feet ; R. A. 5h. 17m. 608. ; Dec. 8. 24* 89' 
09*. A fine ol]|ject of a milky white tinge, and biasing towards the centre. Hersche'. 
describes it as " a beautiful cluster of stars, nearly 8' in diameter, of a globular fornv 
and eztremly rich.'* An imaginary line run from Betelguese before a Leporis, and o/ee 
3t will hit this oluect about 4* south-west of the latter. 



OOLUMBA (noah's dove).— MAP m. 

80. This constellation is situated about 16° S. of thv Hare, 
and is nearly on the same meridian with the *' Three Stars," in 
the belt of Orion. It contains only 10 stars ; one of the 2d, 
one of the 3d, and two of the 4th magnitudes ; of these Phaet 
and Beta are the brightest, and are about 2^° apart. Phaet, 
the principal star, lies on the right, and is the highest of the 
two ; Beta may be known by means of a smaller star just east 
of it, marked Gamma. A line drawn from the easternmost star 
in the belt of Orion, 32" directly south, will point out Phaet ; it 
is also 11^*^ S. of the lower left-hand star in the square of the 
Hare, and makes with Smus and Naos, in the ship, a large equi- 
lateral triangle. 

79. What other name has Alpha ; and with Beta what does it form f What farther 
■Jescription f 

HiSTORT.^Why was Lepus placed in the heavens? 

Tblbsoopio Objbcts. — Alpha? Beta! Gamma? Iota? Kappa? Nebula? 

SO. Situatirn of Columba? Number and sise of stars? The two brightest, and situa> 
Hon ? How find Phaet ? What figure does it help to form ? With what other stars ? 
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mSTOBT. 



ThlB eoustellatlon Is so called tn commemoratinn of th« dove wh ch Noah *^ seit forti 
to sec if the waters were abated firom off the £ftce of the groand,'* after the ark hai 
rested on mount Ararat " And the dove came in to him in die erening, and lo, in her 
mouth was an oliye leaf {ducked ofll 



^" The surer messenger, 

A dove sent forth once and again to spy 
Green tree or ground, whereon his foot may light : 
The second time returning in his bill 
An olire leaf he brings, pacific sign 1** 



ERTDANUS (the bivkb po).— MAP III 

81. This constellation meanders over a large and very irregu- 
lar space in the heavens. It is not easy, nor scarcely desirable, 
to trace out all its windings among the stars. Its entire length 
is not less than 130° ; which, for the sake of a more easy refer- 
ence, astronomers divide into two sections, the northern and 
the southern. That part of it which lies between Orion and the 
Whale, including the great bend about his paws, is distinguished 
by the name of thQ Northern stream ; the remainder of it is 
called the SautAern stream. 

82. The Northern stream commences near Rigel, in the foot of 
Orion, and flows out westerly, in a serpentine course nearly 40° 
to the Whale, where it suddenly makes a complete circuit, and 
returns back nearly the same distance towards its source, but 
bending gradually down toward the south, when it again makes 
a similar circuit to the S. W., and finally disappears below the 
horizon. 

West of Rigef th«re are five or six stars of the 8d and 4th magnitudes, arching up in a 
f emi-circular form, a^id marking the Jirst bend of the northern stream. About 8* below 
these, or 19" W. of Rifcl, is a bright star of the 2d magnitude, in the second bend of the 
northern stream, marked Gnmma. This star culminates 18 minutes arter the Pleiades, 
and one hour and a quarter before Rigel. Passing Gamma, and a smaller star west of 
it, there are four stars nearly in a row, which bring us to the breast of C^'tus. 8* N. of 
Gamma, is a small stai named Kied^ which is thought by some to be consiji srably nearer 
the earth than Sirius. 

Thsemim^ in the southern stream, is a star of the 8d magnitude, about 17* S. W. of 
the square in Lepus, and may be known by means of a smaller star 1' above it. Acher- 
nor is a brilliant star of the 1st magnitude, in the extremity of the southern stream; 
but having 68* of S. declination, can never be seen in this latitude. 

83. The whole number of stars in this constellation is 84 ; of 
which, one is of the 1st magnitude, one of the 2d, and eleven 
are of the 3d Many of these cannot be pointed out by verbal 
description ; they must be traced from the map. 

HisTORT — Origin of this constellation ? 

81. What said of Eridanus? Length? How divided? 83. Traue the Northern 
"Ireamf Qamma? Tlieeiuim? Achernar' S.S. Wholo number of Ktars in Eridanu? t 
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84 In the upper part of the Northera stream, near lue feet 
of Taurus, nay be seen a modern, but now discarded constella- 
tion, of which Captain Smyth says: "Abbe Hell (who also 
placed HerscheFs Telescope among the celestials) has squeezed 
In his Harpa Georgii, to compliment a sovereign of those realms ; 
bavrng filched from Eridaims about thirty or forty stars, some 
of the 4 th magnitude, for the purpose. - 

HISTORY. 

EridaBQs is the name of a celebrated river In Cisalpine Oaal, also called Pados. Ir^ 
modern name is Po. Virgil calls it the king of rivers. The Latin poets have rendered 
it memorable from its connection with the fable of Phaeton, who, being a son of Phoebus 
and Glymene, became a favorite of Venus, who intrusted him with the care of one of 
her temples. This favor of the goddess made him vain, and he sought of his father a 
public and incontestable sign of his tenderness, that should convince the world of hit 
origin. Phoebus, after some hesitation, made oath that he would grant him whatever 
be required, and ao sooner was the oath uttered, than — 

, ^*The youth, transported, asks without delay, 
To guide the sun^s bright chariot for a day. 
The god repented of the oath he took. 
For anguish thrice his radiant head he shook ; — 
My son, says be, some other proof require. 
Rash was my promise, rash was thy desire^ 
Not Jove himself, the ruler of the sky. 
That hurls the three-forked thunder from above, 
Dares try his strength ; yet who as strong as Jove f 
Besides, consider what impetuous force 
Turns stars and planets in a diQt rent course. 
I steer against their motions ; nor am I 
Borne back by all the current of the sky : 
But how could you resist the orbs that roll 
In adverse whirls, and stem the rapid pole ?" 

Phoebos represented the dangers to which he would be exposed in vain. He nndep* 
took the adrial Journey, and the explicit direcUons of his father were forgotten. No 
sooner had Phaeton received the reins than he betrayed his ignorance of the manner 
of guiding the chariot. The flying coursers became sensible of the confUsion of theii 
driver, and immediately departed from the usual track. Phaeton repented too late of 
his rabhness, and already heaven and earth were threatened with a universal confla- 
gration as the consequence, when Jupiter, perceiving the disorder of the horses, struck 
the driver with a thunderbolt, and hurled him headlong from heaven into the rivet 
Eridanus. His l>ody, consumed with fire, was found by the nymphs of the place, who 
honored him with a deoent burial, and inscribed this epitaph upon his tomb: — 

**Jlti situs est Phaeton^ currus auriga paierrU : 
Queue si non tenuii, magnis iamen sxaidit aiusis." 

Ifls sisters mourned his unhappy end, and were changed by Jupiter into poplars. 

** All the long night their mournful watch they keep. 
And all the day stand round the tomb and weep." — Ovio. 

It is said the tears which they shed turned to amber, with which the Phoenicians 
and Carthaginians carried on in secrecy a most lucrative trade. The great heat pro- 
duced on the occasion of the sun's departing out of his usual course, is said to have 
dried up the blood of the Ethiopians, and turned their skins black ; and to hare pro- 
'dlucrd sterility and barrenness over the greater part of Libya. 

"At once from life and from the chariot driven, 
Th* ambitious boy fell thunderstruck from heaven." 



84. What discarded constellation mentioned? Is it on the map? Remark of Cant. 
Smyth? 

UibToxv. — ^Named after what? Modern name? Fable of Phaeton? Ita evidcn' 
Ailiislcn y 
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^The breathless Phaeton, wi^h flaming hah, 
Shrt from the chariot like a falling star, 
That in a summer's evening from the top 
or heaven drops down, or seems at least to drop. 
Till on the Po his blasted corpse was hurlM, 
Far from his country, in the western world." 

The fable of Phaeton evidently alludes to some extraordinary neats which wer« 
experienced in a very remote period, and of which only this contused tradition haf 
Jebcended to later times. 

TELESCOPIC OBJECTS. 

1. /? Ekidahi — A bright star with a distant telescopic companion, on the shin bone of 
Orion ; R. A. 4h. 5dm. 59s. ; Dec. S. 5* 17' 9'. A 8, topas yellow ; B 12, pale blue. TLi« 
star is just above Rigel, in the direction of the Hyades. 

2. 7 Eridami — ^A star with a distant companion ; R. A. 3h. 50m. 84a. ; Dec. S. 13* 58'. 
A 2H, yellow ; B IC pale grey. 

8. A MILE WHiTK BKBCLA ; R. A. 8h. 83m. 02s. ; Dec. S. 19° 04' 8'. Pale, distinct, round, 
and bright in the centre. 

4. A PLANBTART SBBCLA ; R. A. 4h. Ofim. 508. ; Dec. S. 18* 09' 1*. \bont 4H* from > 
In the direction of Rigel. A splendid though not very conspicuous olyect, of a greyisD 
white color. Map VIII., Fig. 84, represents it in its best aspects, highly magni6f-i, 
with four telescopic stars in (he field, two of which point exactly towards the nebula. 



SOEPTRUM BRANDENBURGIUM (sokptbe of brandenburo/. 

MAP III. 

85. This is a slender constellation, situated between the two 
streams of the River Po. It was constructed by Kirch, in 1688 . 
and recognized by Bode a century afterwards ; but is now gene- 
rally discarded, though retained on the map. It is composed of 
four stars of the 3d, 4th and 5th magnitnaes, running north and 
south; and is usually included in Eridanus. 



AURIGA (the ohabioteeb).— map III. 

86. The Charioteer, called also the Wagoner, is represented 
on the celestial map by the figure of a man in a reclining posture, 
resting one foot upon the horn of Taurus, with a goat and hei 
kids in his left hand, and a bridle in his right. 

It is situated N. of Taurus and Orion, between Perseus on 
the W. and the Lynx on the E. Its mean declination is 45° 
N. ; so that when on the meridian, it is almost directly overhead 
in New England. It is on the same meridian with Orion, and 
culminates at the same hour of the Aight. Both of these con- 
stellations are on the meridian at 9 o^clock on the 24th oi 



TcLisoono Objscn. — Beta? Gamma f Nebula? Point out on the map. 

35. Describe the Sceptre of Brandenburgh? Situation? When and by whom conitl* 
tuted ? Is it recognized by astronomera? Number and magnitude of stars? S6. How 
IN Auriga represented? Situation? When on the meridian? 
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Januar3% and 1 hoar and 40 minates east of it on the isi ol 
January. 

87. The whole nomber of Tisible stars in Anriga, is 66, 
inchiding one of the Ist and one of the 2d magnitade, which 
mark the shoulders. Capella is the principal star in this con- 
stellation, and is one of the most brilliant in the heavens. It 
takes its name from Capella, the goat, which hangs upon the 
left shoulder. It is situated in the west shoulder of Auriga, 24° 
E. of Algol, and 28° N. E. of the Pleiades. It may be known 
by a little sharp-pointed triangle formed by three stars, 3° or 4° 
this side of it, on the left. It is also 18° N. of El Nath, which 
is common to the northern horn of Taurus, and the right foot 
of Auriga. Capella comes to the meridian on the 19th of 
January, just 2^ minutes before Rigel, in the foot of Orion, 
which it very much resembles in brightness. 

Menkalina^ in the east shoulder, is a star of the 8d magnitude, TH* E. of Capella, and 
ualminates the next minute after Betelguese, 879i* S. of U. Tlu4a^ in the right arm, is a 
star of the 4th magnitude, 8* directly south of Menkalina. 

It may be remarked as a curious coincidence, that the two stars in the shoulders of 
Auriga are of the same magnitude, and just as far apart as those in Orion, and opposite 
to them. Again, the tiro stars in the shoulders of Auriga, with the two in the shoulders 
of Orion, mark the extremities of a long, narrow parallelogram, lying N. and S., and 
whose length is Just five times its breadth. Also, the two stars in Auriga, and the 
two in Orion, make two slender and similar triangles, both meeting in a common point, 
half way between them at "EL Nath, ia the northern horn of Taurus. 

Delia, a star of the 4th magnitude in the head of Auriga, is about 9* N. of the two in 
the shoulders, with which it makes a triangle, about half the height of those just alluded 
to, with the vertex at Delta. The two stars in the shoulders are therefore the base of 
>two sioiilar triangles, one extending about 9* N. to the head, the other 18* S. to the heel* 
on the top of the horn : both figures together resembling an elongated diamond. 

Delta in the head, Menkalina in the right shoulder, and Theta in the arm of Auriga, 
make a straight line with Betelguese in Orion, Delta in the square of the Hare, and Beta 
(n Noah's Dove ; all being very nearly on the same meridian, 48 W. of the solstitial 
tiolure. 

" See next the Goatherd with his kids; he shines 
• With seventy stars, deducting only four, 

Of which Capella never set3 to us. 
And scarce a star with equal radiance beams 
Upon the earth : two other stars are seen 
Due to the second order." — JSttdosia, 

HISTOar. 

The Greeks give various accounts of this constellation; some 8upposed.it to be Erich- 
Ihonius, the fourth king of Athens, and son of Vulcan and Minerva, who awarded huu a 
place among the constellations on account of his many useful inventions. He was of ft 
monstrous shape. He is said to have invented chariots, and to have excelled an other* 
In the management of horses. In allusion to this, Virgil has the following lines *— 

" Primus Erichthonius currus et quatuor ausus 
Juneere equos, capidisque rotis insistere victor." 

Georgic. Lib. iU. p. 118. 

^ Bold Erichthonius was the first who join'd 
Four horses for the rapid race designed. 
And o'er the dusty wheels presidhig SAV^—Dryd&n. 

97. Number of sUrs visible? Magnitude and situation of Capella? How known? 
Menkalina? Delta compared wixh Theta? 

Hjsroiiv.— Ti.f .lisi. cui.tjhii.oi. ? Second? Thi/d? Opiniou of Jamicdon* 
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other writers say that Bootes invented the chariot, and that Auriga was the sou of 
Mercury, and charioteer to (Enomaus, king of Pisa, and so experienced, that he rendereii 
his horses the swiftest in ah Greece. But as neither of these fables seems to account foT 
the goat and her kids, it has been supposed that they refer to Amalthflsa and her sistvr 
Melissa, who fed Jupiter, during his infancy, with goat's milk, and that, as a reward for 
their kindness, they were placed in the heavens. But there is no reason assigned for 
their being placed in the arras of Auriga, and the inference is unavoidable, that 
mythology is at fault on this point. 

Jamieson is of opinion that Auriga is a mere type or scientific symbol of the beaatifU 
fnble of Phaeton, because he was the attendant of Phoebus at that remote period when 
Taurus opened the year. 

TELESCOPIC OBJECTS. 

1. a AuBiGiB (Capella) — A fine star with two distant companions, on the right shoulder- 
blade of Auriga ; R. A. 5h. (Mm. 53s. ; Dec. N. 45* 49' 07'. A 1, bright white ; B 12, pale 
blue ; C 9, grey. 

S. /3 AUBiOf {MenkaUna) — A bright star in the left shoulder, with a distant com- 
panion ; R. A. 5h. 47m. 4Ss. ; Dec. N. 44* 65' 8*. A 2, yellow; B 103i, bluish. 

3. A BiCH CLDBTBa of minutc stain, on the left thigh; R. A. 5h. 18m. 4l8. ; Dec. N. 85* 
44' 9' A singular figure, somewhat like a cross. Find by a line from Bigel, northwardi 

through /? Tauri, and about V beyond. 

4. A RB80LVABLK HXBoruL ; R. A. 5i . 20m. 51s. ; Dec. N. 84* 06' 9*. Sitiaated in a rich 
field of minute stars. 



OAMELOPARDALTTS (the oamklopard).— MAP VI. 

88. This constellation was made by Hevelius out of the 
nnformed stars which lay scattered between Perseus, Auriga, 
the head of Ursa Major, and the Pole star. It is situated 
directly N. of Auriga and the head of the Lynx, and occupies 
nearly all the space between these and the pole. It contains 68 
small stars ; the fire largest of which are only of the 4 th mag- 
nitude. 

89. The principal star lies in the thigh, and is about 20° from 
Capella, in a northerly direction. It marks the northern boun- 
dary of the temperate zone ; being less than one degree S. of 
the Arctic circle. There are two other stars of the 4th magni- 
tude, near the right knee, 12° N. E. of the first mentioned 
They may be known by their standing 1° apart and alone. 

The other stars in this constellation are too small, and too much scattered to invite 
ob8«rvation. 

HISTORY. 

The Camelopard is so called from an animal of that name, peculiar to Ethiopia. Thl^ 
animal resembles both the camel and the leopard. Its body is spotted like that of the 
leopard. Its neck is about seven feet long, its fore and hind leg^ from the hoof to lue 
c^^ond joint, are nearly of the same length; but from the second joint of the legs to the 
body, the fore legs are so long in comparison with the hind ones, that no person could si*. 
upon its back without instantly sliding off, as from a horse thaf stood up on his hind feet 



Tblboopio Objbots. — Alpha? Beta? Cluster? Nebulae? 

88. Origin of Cumelopardalus ? Situation and extent? Number and site uf Its piatiiP 
BH- Where is its prin ^ipal star? The next two? How known ? 
!li{»TORT. — Any mythological story? What said of the auijiril? 
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TKLESCOPIO OBJECTS. 

1. a OaIiiixipardali — A neat docblb star between the hind feet of the aoimat,half waj 
between a Persei and A in the head of Auriga ; R. A. 4h. 19m. 28b. ; Dec. N. 58* 88 8* 
A 7^, white ; B 8)<, sapphire blue. 

8. Another close doubli star, between the hind feet ; R. A. 4h. 27ni. 18s. ; Dec. N. 58' 
09'. A 5>t, yeUow ; B. TH* pale blue. 

8. A Tery delicate ooubls star in the animal*8 hind hoof; R. A. 4b. 44m. 88e. ; Dec. N 
58* 29' 8*. A 5, white ; B 18, orange. 

4. A fine doubli star in the lower part of the back of the neck ; R. A. 4h. 46m. 19:i. 
Dec. N. 79* Ui' 8*. A 5X, light yellow ; B 9, pale blue. 

6. A bright PLAStraaf vibcla, of a bluish white tint, about 60' in diameter, in tli< 
-lind flank of the animal, R. A. 4h. 53m. 29s. Deo. N. 60* 28' 5*. A curious body, in t. 
"ich field of small stars. 



CHAPTER IV. 

CONSTELLATIONS ON THB MERIDIAN IN FEBRUARY. 

THE LYNX.— MAPS III. AND VI. 

90. This constellation, like that of the Camelopard, exhibits 
no very interesting features by which it can bo distinguished. It 
contains only a moderate number of inferior stars, scattered 
over a large space N. of Gemini, and between Auriga and Ursa 
Major. 

91. The whole number of stars in this constellation is 44, 
including only three that are so large as the 3d magnitude. 
The largest of these, near the mouth, is in the solstitial colure, 
14^° N. of Menkalina, in the E. shoulder of Auriga. The other 
two principal stars are in the brush of the tail, 3^° S. W. of 
another star of the same brightness in the mouth of the Lesser 
Lion, with which it makes a small triangle. Its centre is on 
the meridian at 9 o^clock on the 23d, or at half-past *l on the 1st 
of February. 

TELESCOPIO OBJECTS. 

1. A dose oouBU stab, in the nose of the Lynx ; R. A. 6h. 07m. 51 s. ; Dec. N. 59* 25' 8* 
About 80* from the Pole star, on a line toward Sirius. A 6, and B 7^, both white. An 
elegant but diffieult ol]|ject 

2. A cose DOtTBLB 8TAX in the eye of the Lynx, between Dnbhi and CapeUa; R. A. 6h 
98m. 578. ; Dec. N. 59* 87' 6*. A 53i, golden yellow ; B 7, purple. A delicate and pretty 

8. A coarse rnxriM rab on the animal's lower Jaw ; R. A. 6h. ISm. SOs. ; Dee. N. 68* 
29' 7'. A. 6, orange tinge ; B 18, blue ; and C 9, pale garnet. 

4. A ROUPD HKBCLA, In the Lynx, or fore paws of Leo Minor ; R. A. 9h. 14m. 838. 
Dec. N. 85* 11' 9*. It Is pale white, sparkling in the centre. 



Tblssoopio Objbgts. — Alpha? What other double stars? Nebula f 
WK Describe the Lynx ? Si tuation f 91. Number and sise of its stars f VHiere Is ttk« 
UiVe*t situated? The other two principal stars? 
TnUbbckipic Objbots. — What double stars? Triple? Nebula 
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TELESOOPIUM HERSOHELLU (uebsohel's tklksoope) — 

MAP in. 

92. About midway between the body of the Lynx and Gemini, 
may be seen the rude figure of a refracting Telescope, with its 
stand. It was made out of a few unformed stars, by Abb6 
Hell, in honor of Sir William Herschel, but is now generalli* 
discarded. It is reta. aed on the map more as a matter of histon* 
than to perpetuate it as a constellation. 

GEMINI (the twins).— MAP III. 

93. This constellation represents, in a sitting posture, the twin 
brothers. Castor and Pollux. It is the third sign^ but fourth 
ccTisteUation in the order of the Zodiac, and is situated south of 
the Lynx, between Cancer on the east, and Taurus on the west. 

94. The plane of the Ecliptic passes through the centre of 
Gemini ;,and as the earth moves round in her orbit from the first 
point of Aries to the same point again, the sun, in the mean- 
time, will appear to move through the opposite signs, or those which 
are situated right over against the earth, on the other side of her 
orbit. Accordingly, if we could see the stars as the sun appeared 
to move by them, we should see it passing over the constellation 
Gemini between the 21st of June and the 23d of July; but we 
rieldom see more than a small part of any constellation through 
which the sun is then passing, because the feeble lustre of the 
stars is obscured by the superior efifulgence of the sun. 

When the snn Is JuRt entering the outlines of a constellation eastward, its eastern limit 
may be seen in the evening twilight, just above the setting snn. So when the sun has 
vrived at the eastern limit of a constellation, the western part of it may be seen rising 
in the morning twilight, just before the rising sun. Under other circumstances, when 
the sun is said to be in, or to enter, a particular constellation, it is to be understood that 
tiiat constellation is not then visible, but that those opposite to it are. For example : 
whatever constellation sets with the snn on any dav, it is plain that the one opposite to 
it must be then rising, and continue visible through the night Also, whatever constel- 
lation rises and sets with the snn to-day, will, six months hence, rise at sun-setting, and 
set at sun-rising. For example : the sun is in the centre of Ghemini about the 6th of July, 
and must rise and set with it on that day; consequently, six months from that time, or 
3boat the 4th of January, it will rise in the east, just when the sun is setting in tho 
west, and will come tt> the meridian at midnight ; being then exactly opposite the snr.. 
And as the stars gain npon the sun at the rate of two hours every month, it follows that 
the centre of this constellation will, on the 17th of February, come to the meridian throo 
iiours earlier, or at 9 o^clock in the evening. 

The sun is in the vernal equinox about the 21st of March, from whence it advances 



98. What said of Herschel's Telescope? Whv perpetuated on the map? 98, How is 
(^ecvini represented ? Its order in the signs, &c. ? Situation ? 94 How with respect 
.. t'>g Ecliptic? What result from this &ct? What remarks respecting the sunaad 
•I' .ih^'HIations f 
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Ihroagh one ilcn or oonftollatlon erery snoceeding ni>iith tbereaAerj and ttiat e-^sL 
•atiaMiaUon n one month in adrance of the trign of that name : wherefore, reek - 1 
fUcee In March, Aries in April, Taarui in If ay, and Gemini in June, Ac^ beginning with 
each oonetellatton at the Slst, or 8Sd of the month. 

95. Gemini contains 85 stars, inclading two of the 2d, three 
of the 3d, and six of the 4th magnitades. It is readily recog- 
nized by means of the two principal stars. Castor and Pollux, 
of the Ist and 2d magnitades, in the heads of the Twins, aboat 
4^"^ apart. 

There being only 11 odnutei* difference in the transit of these twu stars over the merf- 
'Jian, they may both be considered as culminating at 9 o'clocic about the 24ih of Febm- 
;»ry. Castor^ in the bead of Castor, Is a star of the 1st magnitude, 4H* N. W. of Pol- 
ox, and is the northernmost and the brightest of the two. PolhuD is a star of the 2d 
magnitude, in the head of Pollux, and is 43f* 8. S. of Castor. TUs is one of tlie stars 
from wiiich the moon's distance is calculated in the Nautical Almanac. , 

** Of the (kmed Ledean pair, 
One most illustrious star adorns their sign. 
And of the second order shine twin lights.** 

96. The relative magnitude or brightness of these stars has 
andergone considerable changes at different periods ; whence it 
has been conjectured by varions astronomers that Pollux must 
vary from the 1st to the 3d magnitude. But Herschel, who 
obserred these stars for a period of 25 years, ascribes the varia- 
tion to Castor, which he found to consist of two stars, very 
close together, the less revolving about the larger once in 342 
years and two months. 

Bradley and Maskelyne found that the line Joining the two stars which form Castor 
was, at all times of the year, parallel to the line Joining Castor and Pollux ; .and that 
both of the former move around a common centre between them, in orbits nearly circu- 
.ar, as two balls attached to a rod would do, if suspended by a string aflSxed to the cen- 
tre of gravity between them. 

" These men,** says Dr. Bowditch, " were endowed with a sharpness of rision, and a 
power of penetrating Into space, almost unexampled in the history of astronomy." 

91. About 20^ S. W. of Castor and PoUux, and in a line 
nearly parallel with them, is a row of stars 3° or 4° apart, 
chiefly of the 3d and 4 th magnitudes, which distinguish the feet 
of the Twins. The brightest of these is Athena, in Pollux's 
upper foot ; the next small star S. of it, is in his other foot ; 
the two upper stars in the line next above Gamma, mark Cas- 
tor's feet. 

This row of feet is nearly two^thirds of the distance firom Pollux to Betelguese in Onon, 
and a line connecting them will pass through Alhena, the principal star in the feet. 
MK>ut two thirds of the distance from the two in the head to those in the feet, and nearly 
parallel with them, there is another row of three stars about 6* apart, which mark the 
knees. 



W. Number of stars in Ckmini f Magnitudes f How recognize this conscellation f 
What said of the culmination of Castor, and of Pollux ? {*6. Are they variable T What 
did Bradley and Maskelyne ascertain? Remark of Bowditch? 97. What constitute 
She/eel of uemlni f Alhena ? How situated ? What mark the knees t 



98. Tliere are, iu this consteiiatioiiy two other remarkable 
parallel rows, lying at right angles with the former ; one, lead- 
ing from the hesA to the foot of Castor, the brightest star being 
in the middle, and in the knee ; the other, leading from the 
head to the foot of Pollux, the brightest star, called Wasat, 
being in the body, and Zeta, next below it, in the knee. 

Wasat iB in the ecliptic, and rerj near the center of the constellation. T).e two stKis, 
Mu and Tcjat, in the northern foot, are also werj near the ecliptic ; Tcijat is a small star 
of between the 4th and 6th magnitudes, S* W. of Mo, and deserves to be noticed because 
It marks the spot of the summer scdstice, in the tropic of Cancer, Just where the sun is on 
the longest day of the year, and is, moreorer, the diWding limit between the torrid and 
the N. temperate aone. 

Rropus, also in the eeUptJc, %H* W. of Ttjai, is a star of only the 0th magnitude, but 
rendered memorable as being the star which seryed for many years to determine tlic 
lUMition of the planet Herschel, after its first discovery. 

HISTOBT. 

Castor and Pollux were twin brothers, sons of Jupiter, by Leda. the wife of Tyndarus, 
king of Sparta. The manner of their birth was very singular. They were educated at 
PaUena, and afterwards embarked with Jason in the celebrated contest for the gulden 
Seece, at Colchis; on which occasion they behaved with unparalleled courage and 
bravery. Pollux distinguii^ed himself by his achievements in arms and personal 
prowess, and Castor in equestrian exercises and the management of horses ; whence they 
are represented, in the temples of Greece, on white horses, armed witti spears, riding 
side by side, their heads crowned with t^peatOMU, on whose top glitters a star. Among 
the ancients, and especially among the Romans, there prevailed a superstition that 
Castor and Pollux often appeared at the head of their armies, and led on their troops to 
battle and to victory. 

** Castor and Pollux, first in martial force, 
One bold on foot, and one renownM for hone. 

Fair Leda*s twins in time to stars decreed, 

One fought on foot, one curb*d the fiery steed.** — Virgtt, 

** Castor alert to tame tlie foaming steed, 
And Pollux strong to deal the manly deed.** — MarUaL 

The brothers cleared the Hellespont and the neighboring seas from pirates after then 
return from Colchis ; from which circumstance they have ever since been regarded as 
the friends and protectors of navigation. In the Argonautic expedition during a violent 
storm, it is said two flames of fire were seen to play around their heads, and immediately 
the tempest ceased, and the sea was cahn. From this circumstance, the sailors inferred, 
that whenever both fires appeared In the sky, it would be fair weather; but when only 
one appeared, there would be storms. 

St. Paul, after being wrecked on the island of Melita, embarked for Rome ** in a ship 
whose sign was Ocuior and PoUtuo;" so formed, no doubt, in accordance with the popo* 
lar belief that these divinities presided over the science and safety of navigation. 

They were initiated into the sacred mysteries of Cabiri, and into those of Ceres at 
Eleusis. They were invited to a feast at which Lynceus and Idas were going to celebrate 
their nuptials with Phoebe and Telaria, the daughters of Leucippus, brother to Tyndarus. 
Vhej became enamored of the daughters, who were about to be married, and resolved to 
supplant their rivals : a battle ensued, in which Castor killed Lynceus, and was himself 
killed by Idas. Pollux revenged the death of his brother by killing Idas ; but being him- 
self immortal and most tenderly attached to his deceased brother, he was unwilling to 
survive him ; he therefore entreated Jupiter to restore him to life, or to be deprived him- 
self of immortality ; wherefore, Jupiter permitted Castor, who had been slain, tc share 
the immortality of Pollux; and consequently as long as the one was upon earth, so long 
was the other detained in the infernal regions, and they alternately lived and died every 
day. Jupiter also further rewarded their fraternal attachment by changing them botb 



98. What other remarkable rows of stars in Gendni f Situation of Waaat t Of Tejatt 
Of Propmf 

HisTOBT.— Myth of the parentage of Gemini f Their achievements f Roman su)>er9tl- 
*iou t That of sailors ? Allusion of St. Paul ? Story of the fatal wedding ? 
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Into a coniteQation under the n:jroe of Oemini^ 7Vc^<«l«, trtiich, It In wtrsngely prcton4l*>d, 
fiCTer ai^ar together, but when ooe rises the other sets, and so on, alternately. 

" By tuns they visit this ethereal sky. 
And live alternate, and alternate die." — Bomer, 

** Pollux, cflering his alternate life. 
Could free liis brother, and could daily go 
By turns aloft, by turns descend below.*'— Virgil. 

Castor and ToUux were worshiped both by the Greeks and Romans, who sacrifice*' 
•iilte lambs upon their altars. In the Hebrew Zodiac, the constellation of the Twin': 
refers to the tribe of Benjamin. 

TELESCOPIC OBJECTS. 

1. a GaimiOBUii {Castor) — ^A neat doubui stab ; K. A. 7h. 24m. 28s. ; Dec. N. 82* 1-1^ 
A 8. bright white; B %^y pale white; with a third sUr of the 11th magnitude about 72' 
distant. A Binary System, with a probable period of 282 years. A beautiful oluect, and 
easily (bond. Map VilL, Fig. 4. 

2. /^ Okmihorum -A QUAOBUPLK 8TAX in the eye of Pollux, R. A. 7h. 85m. Sis.; Dec 
N. 28' 25' 4*. A 2, orange tingft; B 12, ash-colored ; C 11, pale Tiolet, with anothei 
minute companion visible with tne best instruments. 

8. y GrMiMORDM (Alhend) — A coarse TRirLX stab, in the right foot of Pollux *■ R. A. 
6h. 2Sm. 2S8. ; Dec. N. 16* 81' 8'. ; A 8, brilliant white; B 18, and C 12, both pale plum 
color. It is on a line from Rigel to ^ Geminorum, and nearest the former. 

1. d GBMiMOBnM (WasaX) — A doublx stab on the right hip of Pollux; R. A. 7h. 10m. 
84s. ; Dec. N. 22* 16' 8'. A 8)^, pale white ; B 9, purple. 

6. e GsMoroBUM {Mductay-K star with a distant companion, on Castor's right knee , 
R. A. 6h. 84m. 058. ; Dec. N. 25* 16' 9*. A 8, white ; B 9}<, cerulean blue. 

6. ^ GxaiiiiOBnif — ^A coarse tbiplk btab on the right Icnee of Pollux ; R. A. 6h. 54m. 37s. ; 
Dec. N. 20* 47' 9*. A 4, pale topas ; B 8, violet ; C 18, grey. 

7. A clubtib, near the right foot of Castor ; R. A. 5h. 59m. Ols. ; Dec. N. 24* 21' 8*. A 
gorgeous field of stars from the Uih to the 16th jnagnitudes. 

8. A CLU8TBB in the calf of Pollux's right leg ; R. A. 6h. i5m. 668. ; Dec. N. 18* 10' 5' 
A faint angular group of extremely small stars, in a rich region, but seen with difficulty. 
See Map VIU., Fig. 85. 

9. A coMPBBsaxD CLUSTKB Under the left sLonlder of Pollux; one-third the distance 
from /3 Geminorum, to /? Ganis Minoris; R. A. 7h. 23m. 67s.; Dec. N. 21* 65' 7*. A 
faint otyect about 13 in diameter, with a amail star near the centre. Map VIII., Fig. 86. 



OANIS MINOR (the little dog).— MAP III. 

99. This small constellation is situated about 5** N. of the equi- 
noctial, and midway between Canis Major and the Twins. It 
contains 14 stars, of which two are very brilliant. The brightest 
star is called PTocyon, It is of the 1st magnitude, and is about 
4° S. E. of the next brightest, marked Gomdza^ which is of the 
3d magnitude. These two stars resemble the two in the head 
of the Twins. Procyon, in the Little Dog, is 23° S. of Pollux 
ill Gemini, and Gomelza is about the same distance S. of Castor. 

100. A great number of geometrical figures may be formed 
of the principal stars in the vicinity of the Little Dog. For 
example : Procyon is 23° S. of Pollux, and 26° E. of Betel- 

Tblkscopio Objects. — Alpha? Beta? Gamma? Delta, Ac? Clusters? Which 
4hown on the map ? 

99. Where is Canis Minor situated? Number of stars ? Name of brightest? Mag- 
litude? Next brightest? What do these two resemble? 100. What said of geoma 
ricil figures? Of the name iVocyora f Its import? 



CA^IS MINOR. f. 

^ttesa, and forms with them a large right-angled triangle 
Again, Procyon is equi-distant from Betelguese and Sirius, and 
forms with them an equilateral triangle whose sides are each 
about 26°. If a straight line, connecting Procyon and Sirius, 
be produced 23° farther, it will point out Phaet, in the Dove. 

Procyon ia often taken for the name of the Little Dog, or for the whole constellation, 
as Sirius is for the greater one ; hence it is common to refer to either of these constel- 
lations by the name of its principal star. Procyon comes to the meridian 68 minuU*" 
after Sirius, on the 24th of February ; although it rises, in this latitude, about half an 
hour before it For this reason, it was called iVooy<M», from two Greek words which 
.signify (AnU CcmU) **■ before the dog." 

HISTORT. 

The Little Dog, according to Greek fable, Is one of Orion's hounds. Some suppose It 
refers to the Egyptian god Anubis, which was represented with a dog's bead ; others to 
Diana, the goddess of hunting ; and others, that it is the faithful dog MsBra, which 
belonged to Icarus, and discovered to his daughter Erigone the place of his bmrial- 
Others, again, say it is one of Actseon's hounds that devoured their master, after Piaun 
had transformed him into a stag, to prevent, as she said, his betraying her. 

" This said, the man began to disappear 
By slow degrees, and ended in a deer. 
TransformM at length, he flies away in haste, 
And wonders why he flies so fa&t 
But as by chance, within a neighboring brook. 
He saw his branching horns, and altered look. 
Wretched Acteon ! in a doleful tone 
He tried to speak, but only gave a groan ; 
And as he wept, within the watery glass,' 
He saw the big round drops, with sUent pace, 
Run trickling down a savage, hairy face. 
What should he do ? or seek his old abodes, 

■ Or herd among the deer, and skulk in woods f 
As he thus ponders, he behind him spies 
His opening hounds, and now he hears their cries. 
From shouting men, and horns, and dogs he flies. 
When now tlie fleetest of the pack that press'd 
Close at his heels, and sprung before the rest. 
Had fastened on him, straight another pair 
Hung on his wounded side, and held him there, 
Till all the pack came up, and every hound 
Tore the sad huntsman gproveling on the ground.'* 

It is not difiicult to deduce the moral of this fable. The selfishness and caprice of 
Imn.an friendship ftirnish daily illustrations of it. While the good man, the philanthro- 
pist, or the public benefactor, is in affluent circumstances, and, with a heart to devise, 
has the power to minister blessings to his numerous benefii^aries, his virtues are the 
general theme ; but when adverse storms have changed the ability, though they could 
not shake the will of their benefactor, he is straightway pursued, like Actsson, by his own 
hounds; and, like Actaeon, he is "torn to the ground" by the fangs that fed upon his 
bounty. 

It is most probable, however, that the Egyptians were the inventors of this con- 
jt3llation , and as it always rises a little before the Dog Star, which, at a particular 
season, they so much dreaded, it is properly represented as a little watchful crea- 
^ur'3, giving notice like a faithful sentinel of the other's approach. 

« 

TELESCOPIC OBJECTS. 

I. a Cahib Minorib {Procyon) — A bright star in the loins of the Jog with a distan 
onipamon ^ R. A. 7h. 80m. 55s ; Dec. N. 5" 87' 8*. A 1)$, yellowish white ; B 8, orange 
int. beveral small stars in the field. 

HiSTOBT. — ^What is the Little Dog supposed to represent ? Fable of Actsoun V l*i 
uural ? Who probably Invented this constellation ? To represent whaty 
Telkscopic Objects. — Alpha ? Beta ? Double star ? Triple * 
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8. a Oabib Mciuais (Ooineimtty-K wide tmplb stab in tbeneck; R. A. Th. ISm. Ms 
Dec. N. 8* 86' 4*. A 8, white ; B 12, orangv ; 10, flosbed'-Uie lai>t coarselj d >able with 
3ne of Ihe same magnitude. Other stars in the field. 

8. A close DOCBLK 8TAB, in a fine vicinity in the loins ; R. A. 7h. 81m. 87s. ; Deo. N. ft* 
9ft' 7*. A 7, white ; B 8, ash-colored, with a minnte blue star 2' distsint. 

4. A wiDK TBiPLS STAE, tf* S. E. of ProcjTon ; K A. 7h. fiOm. 08«. ; Dec. N. 8" 88' 8*. A 
\ pale white ; B 8, bluish; 9, bios. 



M0N0CER08 (the tjwioobn).— MAP III. 

101. Tliis is a modem constellation, made oat of the nnfonned 
stars of the ancients that lay scattered over a large space of 
the heavens between the two Dogs. It extends a considerable 
distance on each side of the equinoctial, and its centre is on the 
same meridian with Procyon. 

102. It contains 31 small stars, of which the seven principal 
ones are of only the 4th magnitude. Three of these are situ- 
ated in the head, 3° or 4° apart, forming a straight line N. E. 
and S. W. about 9° E. of Betelsruese in Orion's shoulder, and 
about the same distance S. of Albena in the foot of the twins. 

The remaining stars in this constellation are scattered oyer a 
large Space, and being very small, are unworthy of particular 
notice. 

HISTORY. 

The MoDoceros is a species of the Unicorn or Rhinoceros. It is about the sise of a 
horse, with one wliite horn growing out of the middle of its forehead. It is said to exist 
in the wilds of Ethiopia, and to be very formidable. 

Naturalists say that, when pursued by the hunters. It precipitates itself flrom the 
tops of the highest rocks, and pitclies upon its horn, which sustains the whole force of 
its fall, so that it receives no damage thereby. Sparmann informs us, that the figure of 
the unicorn, described by some of the ancients, has been found delineated on the surface 
of a rock in Caffraria ; and thence conjectures that such an animal, instead of being 
fabutouSf as some suppose, did once actually exist in Africa. Lobo affirms that he has 
seen it. 

The rkinoesTMy which is akin to it, is found In Bengal, Slam, Cochin China, part of 
China Proper, and the isles of Java and Sumatra. 

TELESCOPIC OBJECTS. 

1. A most delicate dodblk star (/>, in the Unicorn's eye; R. A. 6h. 26m. 06a.; Dec. K. 
7" 41' 05*. A 6, yellowish white : B 16, dusky. A difficult object. 

2. A neat doublk star (by, in the nostril, 7^* east of BeUlgitese^ R. A. 6h. 15m. 17b.; 
Dec. N. 4* 40' 01'. A 5)$ , gulden yellow ; B S, lilac. 

S. A fine TRiPLR STAR in the right fore-leg; R. A. 6h. 81m. 04s.; I>ec. S. 6* 56' 01'. A 
6>$, white; B 7, and C 8, both pale white. A ray shot from the BuIPs eye through Bella- 
trix, and rather more than as far again, will pick it up. Supposed by llerschel to be a 
triple »i/9tem^ periods A B 17,000 ys. B C 1000. Shown double only on the map of 
the constellations. Telescopic view, Map VIII., Fig. 5. 

4. A delicate triple star, in a magnificent stellar field, between the Unicorn's ears ' 
R. A. 6h. 32ra. lOs. ; Dec. N. 10' 02' 02'. One-third the distance from Procyon to AkU- 
^arati, A 6, grecish ; B 9^, pale grey ; C 15, blue. A fine object. 



101. Character and situation of MonocerosP Extent? 102. Nnmber and siae of itf 
•tars Y How three of the largest situated? 
HIBTOP.T. — ^What said of the animal itself? Is it not wholly fabulous ? 
Tklbsoopio Objwts. — ^Double stars ? Triple ? Any shown on the map ? 
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OANIS MAJOR (the great dog).— MAP El. 

f 

103. This interestiog coastellation is situated southward aud 

eastward of Orion, and is universally known by the brilliance 
of Its principal star, Sirius, which is apparently the largest and 
brightest in the heavens. It glows in the winter hemisphere with 
a lustre which is unequaled by any other star in the firmament. 
Its distance from the earth, though computed at 20 millions 
of millions of miles, is supposed to be less than that of any other 
star : a distance, however, so great that a cannon ball, which 
flies at the rate of 19 miles a minute, would be two millions of 
years in passing over the mighty interval ; while sound, moving 
at the rate of 13 miles a minute, would reach Sirius in little less 
than thr^e millions of years. 

It may be shown in the same manner, that a ray of light, which occupies only 8 minutes 
and 18 seconds in coming to us from the son, which is at the rate of nearly two hundred 
thousand miles a second, would be 8 years and 32 days in passing through the vast space 
that lies between Sirius and the earth. Consequently, were it blotted f^om the heavens, 
its light would continue visible to us for a period of 8 years and 82 days after it had 
ceased to be. 

If the nearest stars give such astonishing results, what shall we say of those which are 
situated a thousand times as far beyond these, as these are from us? 

104. In the remote ages of the world, when every man was 
his own astronomer, the rising and setting of Sirius, or the Dog 
Star J as it is called, was watched with deep and various solici- 
tude. The ancient Thebans, who first cultivated astronomy in 
Egypt, determined the length of the year by the number of its 
risings. The Egyptians watched its rising with mingled appre- 
hensions of hope and fear ; as it was ominous to them of agri- 
cultural prosperity or blighting drought. It foretold to them 
the rising of the Nile, which they called <Sim, and admonished 
them when to sow. 

105. The Romans were accustomed yearly to sacrifice a dog 
to Sirius, to render him propitious in his influence upon their 
herds and fields. The eastern nations generally believed the 
rising of Sirius would be productive of great heat on the earth. 

Thus Virgil : — 

" Tum sleriles ezurere Sirius agros ; 

Arflebant herbas, et victum seges asgra negabat.** 

" Parched was the grass, and blighted was the com: 
Nor *scape the beasts ; for Sirius from on high, 
With pestilential heat infects the sky." 



tOS. Situation of Canis Major? How known? Supposed distance of Sirius? inii»> 
trated by the speed of a cannon ball? Of light? 104. How was Sirius regarded by *Jm 
aruients? Use made of ft by the Thebans? The f;gyptians? 106. Practice of Utt 
UoLjiins ? 
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106. Accordingly, to that season of the year when Sirins roue 
urith.the sun and seemed to blend its own influence with the 
heat of that luminary, the ancients gare the name of Dog-days^ 
i Dies catdctUa.is.) At that remote period the Dog-days com- 
menced on the 4 til of August, or four days after the summ*er 
soistice/and liisted forty days, or until the 14th of September. 
At present the dog-days begin on the 3d of July, and continue 
to the 11th of August, being one day less than the ancients 
reckoned. 

lot. Hence, it is plain that the Dog-days of the moderns 
have no reference whatever to the rising of Sirius, or any other 
star, because the time of their rising is perpetually accelerated 
by the precession of the equinoxes : they have reference then 
only to the summer solstice, which never changes its position in 
respect to the seasons. 

The time of Sirius* rising raries with the latitude of the place, and in the same katitade, 
is sensibly changed after a course of years, on account of the precession of the equinoxes. 
This enables us to determine with approximate accuracy, the dates of many events of 
antiquity, which cannot be well detennined by other records. We do not know, for 
.nstance, in what precise period of Uie world Ueaiod flourished. Yet he tells us in liis 
Opera et IHes^ lib. ii. v. 185, that Arcturus in his time rose heliacally, 80 days after the 
winter solstice, which then was in the 9th degree of Aquarius, or 89' beyond its present 
position. Now 89* : 50)i'=2794 years since the time of Uesiod, which corresponds very 
nearly with history. 

108. When a star rose at sun-setting, or set at sun-rising, it 
was called the AcAronicnl rising or setting. When a planet or 
star appeared above the horizon just before the sun, in the morn- 
ing, it was called the Heliacal rising of the star ; and when it 
sunk below the horizon immediately after the sun, in the evening, 
il was called the Heliacal setting. 

According to Ptolemy, stars of the^rst magnitude are seen rising and setting when the 
sun is 12* below the horison ; stars of the 2u magnitude require the sun's depression w> 
be 18* ; stars of the 8d magnitude, 14' , and so on, allowing one degree for each ma^pii- 
tude. The rising and setting of the stars described in this way, since this mode of 
description often occurs in Uesiod, Virgil, Columella, Ovid, Pliny, Ac, are called pduxU 
ri/iing and setting. They served to mark the times of religious ceremonies, the seas.ini 
allotted to the several departments of husbandry, and the overflowing of the Nile. 

109. The student may be perplexed to understand how the 
Dog Star, which he seldom sees till mid-winter, should be asso- 
ciated with the most fervid heat of summer. This is explained 
by considering that this star, in summer, is over our heads in 
tlie daytime, and in the lower hemisphere at night. As " thick 
the floor of heaven is inlaid with patines of bright gold," by day, 

106. Origin of the phrase Doff-dayt t When did they begin in the time of Virgil ? At 
vhat time now ? 107. What inference from these facts ? What variation in the time 
of Sirius' rising ? What calculation by knowing the time when Sirius rofie, at any period \ 
1i>S VThat are the Aehrondcal and Heliacal rising or setting of a star or planet? R<^ 
'.nark of Ptolemy in regard to rising and setuug of the start f 109. How is It th>i 
diriu* a winter star, is associated with the heat o' summer? 
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•13 by night ; bat on account of the superior splendor of the kuu, 
we cannot see them. 

110 Sirius is situated nearly S. of Alhena, in the feet of the 
Twins, and about as far S. of the equinoctial as Alhena is N. 
of it. It is about 10° E. of the Hare, and 26° S. of Betel 
guese in Orion, with which it forms a large equilateral triangle 
It also forms a similar triangle with Phaet in the Dove, and 
Naos in the Ship. These two triangles being joined at their 
vertex in Sirius, present the figure of an enormous X, called by 
some, the Egyptian X. Sirius is also pointed out by the direc- 
tion of the Three Stars in the belt of Orion. Its distance from 
them is about 23°. It comes to the meridian st 9 o'clock on 
the 1 1th of February. 

111. Mirzamj in the foot of the Dog, is a star of the 2d mag- 
nitude, 5^° W. of Sirius. A little above, and 4° or 5° to the 
left, there are three stars of the 3d and 4th magnitudes, forming 
a triangular figure somewhat resembling a dog's head. The 
brightest of them, on the left, is called Muliphen, It entirely 
disappeared in 1670, and was not seen agaih for more than 20 
years. Since that time it has maintained a steady lustre. 

112. Wesen is a star of between the 2d and 3d magnitudes, 
m the back, 11° S. S. E. of Sirius, with which, and Mirzam in 
the paw, it makes an elongated triangle. The two hinder feet 
are marked by Naos and Lambda, stars of the 3d and 4th 
magnitudes, situated about 3° apart, and 12° directly S. of the 
fore foot. This constellation contains 31 visible stars, including 
one of the 1st magnitude, four of the 2d, and two of the 8d ; 
ill of which are easily traced out by the aid of the map 

HISTORY. 

Manilius, a Latin poet who flourished in the Aagustan age, wrote an admirable poeia. 
.' ire books, upon the fixed sta'-', in which he thus speaks of this constellation : 

" All others he excels ; no fairer light 
Ascends the skies, none sets so clear and bright." 

bw' EuDOSiA best describes it — 

** Next shines the Dog with sixty-four distinct ; 
Famed for pre-eminence in envied song, 
Theme of Homeric and Virgilian lays ; 
His fierce mouth flames with dreaded Sirius ; 
Three of his stars retire with feeble beams." 

A'scoi IL'^" to some mythologists, this constellation represents one ef Orion's houndc, 
»£icb jrat \ ).M;ed in the sky, near this celebrated huntsman. Others say it received its 
i\nic *n hnn\'r of the dog given by Aurora to Cephalus, which surpassed in speed all the 



110. Bitv.tivTi of Sirius? What triangles? 111. Position ana itize of Miriam r 
ther sCaa ^ {ir*u~>hen? 112. Wesen? What other stars ? Whole number? 

Hi'BT<)u\. --U .<j» -t;jissical description of Canis Major ? What different accounts of '.U 
rigin? 
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ABiOiaU of liU ipeciM. Ccphalus, it is »&id, attempted to prove this hj rxmaing him 
AgiUnst a foXf which, at that tim**, was thou{?ht to be the fleetest of all aiima!a. A^v 
ibey had run together a long time, without dtlier of them obtaining the Vtctory, it ia 
said that Jupiter wad so luuch gratifled at the fleetness of the dog, that he assigned hiia 
a place io the heavens. 

But the name and form of this constellation are, no doubt, derived from tlie Egyp- 
tians, who carefully watched its riaiog, and by It Judged of the swelling of the Nile, 
which they caaed Siris, and, in their hieroglyph ical manner of writing, siuce it was, a? 
it were, tlie sentinel and watch of the year, represented it under the figure of a dog. 
Tliey observed that when 8irins became visible in the east, Just before the morning dawn, 
tlte overflowing of the Nile immediately followed. Thoa it warned them, like a fJaithfOl 
liog, to escape from the region of the inundation. 

TELESCOPIC OBJECTS. 

1, a Cams Majoris — A brilliant star, with a distant companion ; R. A. 6h. 8Sm. Ofe.; 
a)ec 8. 16" 8(K 1. A 1, brilliant white ; B 10, deep yellow, other distant small stars iA 
the field. 

9. 6 Casib Huoau— a star with a distant companion in the loins ; R. A. 7h. 01m. 58s. ; 
Dec, S. 26* 08' 6'. A 8H, light yellow ; B 73$, Tenppale. Other smaU stars in the fleld, 
A line from BeUlgueae through iiiriua intercepts it 12* below the latter star. 

8. e Cahis MAJoas {Adharay—K star with a distant companion in the belly ; R. A 
dlt. 52m. 208. Dec. 8. 28* 45' 5'. A 2^, pale orange : B 7, violet. Found by running t. 
line from the middle of Orion's belt throui^ /3 Just west of Sirius, to about 14* beyond 
the latter star. 

4. A CLCSTKR in the back of the head ; R. A. 6h. 52m. 10s. ; Dec. S. 13* 29' 2'. Tole* 
r.ibly compressed; stars of the 8th to 11th magnitudes, of which the four principal 
form the letter Y. 

6. A cunna between Surins and Monoceros; R. A. 7h. 10m. 858.; Dec. S. 15* 21' 4' 
Stars principally of the 10th magnitude. Discovered by Miss Herschel in 1785 



CHAPTER V. 

0ON8TBLLATION3 ON THE MERIDIAN IN MARCH 

AEGO NAVIS (the ship akgo).— MAP III. 

113. This constellation occupies a large space in the southern 
hemisphere, though but a small part of it can be seen in the 
United States. It is situated S. E. of Canis Major, and may 
be known by the stars in the prow and deck of the ship. 

114. If a straight line joining Betelguese and Sirius, be pro- 
duced 18° to ihe southeast, it will point out Nam, a star of the 
2d magnitude, in the rowlock of the ship. This star is in the 
S. B. comer of the Egyptian X, and of the large equilateral 
triangle made by itself with Sirius and the Dove. When on the 
meridian it is seen from this latitude about 8° above the south- 

Tblmoopio 0BJKCT8.— Alpha ? Delta? Epsilon? What clusters? 
118 Sise and situation of Argo Navis? How kn^wn? :i4. How hnJ /^a.% %\t^ 
whore Situate 1? lloir hijrh when on the mpr?dp,n» 
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era horizon. It comes to the meridian on the 3d of March, 
about half an hour after Procjon, and continues visible but a 
few hours. 

115. Gamma^ in the middle of the ship, is a star of the 2d 
magnitude, about 7° S. of Naos, and just skims above the south- 
ern horizon for a few minutes, and then sinks beneath it. The 
principal star in this constellation is called, after one of the 
pilots, Canopus; it is of the 1st magnitude, 36° nearly S. of 
Sii'itts, and comes to the meridian 17 minutes after it ; but hav- 
ing about 53** of S. declination, it cannot be seen in the Northeri" 
States. The same is true of Miaplacidus, a star of the Is^t inairi i- 
tude in the oars of the ship, about* 25° E. of Canopus, and 61 '^ 
S. of Alphard, in the heart of Hydra. 

An observer in the northern hemisphere, can see the stars as many degrees south ol 
thu equinoctial in the southern hemisphere, as his own latitude lacks of 90*, and no 
more. 

116. Markebj is a star of the 4th magnitude, in the prow of 
the ship, and may be seen from this latitude 1 6° S. E. of Sirius, 
and about 10° E. of Wesen, in the back of the Dog. This star 
may be known by its forming a small triangle with two others 
of the same magnitude, situated a little above it, on the E., 3^ 
and 4° apart. 

in. This constellation contains 64 stars, of which two are 
oJ the 1st magnitude, four of the 2d, and nine of the 3d. Most 
of these are too low down to be seen in the United States. 

HISTORY. 

Tliis constellation is intended to perpetuate the memory of the famous ship which car- 
ried Jason and his 54 companions to Colchis, when they resolved upon the periluiij 
expedition of recovering the golden fleece. The derivation of the word Argo has been 
often disputed. Some derive it from Argos, supposing that this was the name of the 
person who first proposed the expedition, and built the ship. Others maintain that it 
was built at Argos, whence its name. Cicero calls it Argo, because it carried Grecians, 

commonly called Argives. Diodorus derives the word from dpyb;, which signifles fnoift. 
Ptolemy says, but not truly, that Hercules built the ship, and called it Argo, after a son 
of Jason, who bore the same name. This ship had fifty oars, and being thus propelled 
tnust have fallen far short of the bulk of the smallest ship craft used by moderns. It ib 
even said that the crew were able to carry it on their backs from the Danube to the 
Adriatic. 

According to many authors, she had a beam on her prow, cut in the forest of Dodona 
by Minerva, which had the power of giving oracles to the Argonauts. This ship wals the 
first, it is said, that ever ventured on the sea. After the expedition was finished, and 
Jason had returned in triumph, he ordered her to be drawn ashore at the istlimus of 
Corinth, and consecrated to Neptune, the god of the sea. 

Sir Isaac Newton endeavors to settle the period of this expedition at about 80 yeaio 

115. Size and situation of Gararaa? Name the principal star in this constellation I 
Us magnitude? Is it ever seed in the U. S. ? What said of Miaplacidus? Remark in 
fine print?' 116. What said of Markeb? How known? 117. Number of stars in 
Argo Navis? Magnitudes? 

HidTOkV. — n<>.sign of th's constellation ? Import of the term ^rgro f Size and struo- 
tore of the ship ? What myth respecting this ship ? What remark re.npectijaK Hb 
Isaac Newton? Dr. IJrya it's opinion ? , 
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CHAPTER Yl. 

CONSTELLATIONS ON THE MERIDIAN IN APRIL. 

LEO (the lion).— map IV. 

122. Leo is one of the most brilliant constellations in the 
winter hemisphere, and contains an annsual number of very 
bright stars. It is situated next E. of Cancer, and directly S. 
of Leo Minor and the Great Bear. 

The Hiudoo astronomer, Varaha, says, " Certainly the southern solstice was once in 
the middle of AaUha (Leo) ; the northern in the flrst degree of DhaniaMa** (Aquarius), 
Since that time, the solstitial, as well as the equinoctial points, have gone backward on 
the ecliptic 75*. This divided by 50)^', gives 5878 years ; which carry us back to the 
year of the world 461. Sir \Y. Jones says, that Varaha lived when the solstices were in 
the first degrees of Cancer and Capricorn ; or about 400 years before the Christian era. 

123. Leo is the fifth sign, and the sixth constellation of the 
Zodiac. The mean right ascension of this extensive group is 
150°, or 10 hours. Its center is therefore on the meridian the 
sixth of April. Its western outline, however, comes to the 
meridian on the 18th of March, while its eastern limit does not 
reach it before the 3d of May. 

This constellation contains 95 visible stars, of which one is 
of the 1st magnitude, one of the 2d, six of the 3d, and fifteen of 
the 4th. 

** One splendid star of highest dignity. 
One of the second class the Lion boasts. 
And justly figures the fierce summer's rage.*' 

124. The principal star in this constellation is of the 1st mag- 
nitude, situated in the breast of the animal, and named Regulus, 
&om the illustrious Roman consul of that name. 

It is situated almost exactly in the ecliptic, and may be 
readily distinguished on account of its superior brilliancy. It is 
the largest and lowest of a group of five or six bright stars 
which form a figure somewhat resembling a sickle, in the neck 
and shoulder of the Lion. There is a little star of the 5th mag- 
nitude, about 2° S. of it, and one of the 3d magnitude 5° N. of 
it, which will serve to point it out. 

Oreat use is made of Regulus by nautical men, for determining their longitude at sea. 
Its latitude, or distance from the ecliptic^ is less than H*\ but its deoUncUony or dis- 
lance from the equinoctial^ is nearly 18' N. ; so that its meridian altitude will be Just 



122. Describe Leo. Its situation f What remarkable statement of Varaha f Calcula* 
lions upon it? 123. Position of Leo in the Zodiac ? When on the meridian? Number 
and size of its stars? 124. Its principal star? Situation? How distinguished f Wbos 
i^e ibftde of Regulus? When on the meridian, where are Oastor and Pollux ? 
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cqnul to that of the sun on the 19th of August. Its right ascension i§ rerj nearly l«^i'. 
It therefore culmiuates about 9 o'clock on the 6th of April. 

When Regulus is on the meridian. Castor and Pollux are seen about 40* N. W. of it, 
and the two stars in the Little Dog are about the same distance in a S. W. direction ; 
with which, and the two former, it makes a large isosceles triangle whose rertex is at 
Uegulus. 

125. The next considerable star is 5° N. of Regulus, marked 
Eia, situated in the collar ; it is of between the 3d and 4th 
magnitudes, and with Regulus constitutes the handle of the 
sickle. Those three or four stars of the 3d magnitude, N. and 
W. of Eta, arching round with the neck of the animal, describe 
the blade. 

126. Al Gieha is a bright star of the 2d magnitude, situated 
in the shoulder, 4° in a N. E. direction from Eta, and may be 
easily distinguished by its being the brightest and middle one of 
the three stars lying in a semicircular form curving toward the 
west ; and it is the first in the blade of the sickle. 

127. Adhafera is a star of the 3d magnitude, situated in the 
neck, 4° N. of Al Gieha, and may be known by a very minute 
star just below it. This is the second star in the blade of the 
sickle. 

128. Has al Asad, situated before tlie ear, is a star of the 3d 
or 4th magnitude, 6° W. of Adhafera, and is the third in the 
blade of the sickle. The next star, Epsilon, of the same magni- 
tude, situated in the head, is 2^° S. W. of Ras al Asad, and a 
little within the curve of the sickle.^ About midway between 
these, and a little to the E., is a very small star hardly visible 
to the naked eye. 

129. Lambda J situated in the mouth, is a star of the 4 th 
magnitude, 3^° S. W. of Epsilou, and the last in the sickle's 
point. Kappaj situated in the nose, is another star of the same 
magnitude, and about as far from Lambda as Epsilou. Epsilon 
and Kappa are about 4|-° apart, and form the longest side of a 
triangle, whose vertex is in Kappa. 

130. Zozma, situated in the back of the Lion, is a star of the 
3d magnitude 18° N. E. of Regulus, and midway between it and 
Coma Berenices, a fine cluster of small stars, 18° N. E. of 
Zozma. 

131. Theta, situated in the thigh, is another star of the 3d 
magnitude, 5° directly S. of Zozma, and so nearly on the same 
meridian that it culminates but one minute after it. This star 



125. Next principal star — size and position? 126. Al Gieba? How known? 

127. Adhafera? 128. Ras al Asad ? Epsilon? 129. Situation and size of Lambda T 

Of Kappa? 180. Of Zo7ma? 181. Of Theta? What triangle? What other atnt9 
mentioued? 
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makes a right-angled triangle with Zozma on the N. and Den«- 
)x>ta CD the E., the right angle being at Theta. 

Nearly in a straight line with Zozma and Theta, and south 
of them, are three or four smaller stars, 4° or 5° apart, which 
mark one of the legs. 

132. Dtntbola is a bright star of the first magnitude, in the 
brush of the tail, 10^ S. E. of Zozma, and may be distinguished 
by its great brilliancy. It is 5° W. of the equinoctial colure, 
and comes to the meridian 1 hour and 41 minutes after Regnlus, 
on the 3d of May ; when its meridian altitude is the same as 
the sun's at 12 o'clock the next day. 

Wb«o Denebola to on the meridian, Refulas !• seen S9* W. of it, and Phad, in ttio 
■qaare of Ursa Major, bears 89* N. of it. It forms, with these two, a large right-an|^led 
triangle ; the right angle being at Denebola. It is so nearlj on the same meridian with 
Phad that it euhiiinates only four minutes before it 

Denebola is 85 M' W. of Arctorus, and about the same distance N. W. cf Spica Vir- 
ginis, and forms, with thera, a large equilateral triangle on the S. E. It also forms with 
Arcturus and Cor Caroli a similar figure, nearly as large on the N. E. These two 
triangles, being Joined at their base, constitute a perfect geometrical figure of the form 
of a Rhombus, called by some, the Df amokd or Viaoo. 

A line drawn from Denebola through Rogulus, and continued 7* or 8* further in the 
uame direction, will point out Xi and Omicrom^ of the 8d and 4th magnitudes, situated 
In the foreclaws, and about 8* apart. 

There are a number of other stars of the 8d and 4tta raagnnM^wa ia this constellation, 
which require no description, as the scholar will easily trace them out from the map. 
The position of Regulns and Denebola are often referred to in the geography of Utc 
heavens, as they serve to point out other clusters In the same neighborhood. 

HISTORY. 

According to Greek fable, this Lion represents the Tormidable animal which infeste*! 
ttiv forests of Nemsea. It was slain by Hercules, and placed by Jupiter among the stars 
in commemoration of the dreadful conflict. Some writers have applied the story of the 
twelve labors of Hercules to the progress of the sun through Uie twelve signs of tlic 
ecliptic; and as the combat of that celebrated hero with the Lion was his first labor, 
they have placed Leo as the Jln4 ngn. The figure of the Lion was, however, on tlie 
IfgypUan charts long before the invention of the fables of Hercules. It would seem, 
moreover, according to the fable itself, that Hercules, who represented the sun, actually 
slew the Nemsean Lion, because Leo was already a zodiacal sign. 

In hieroglyphical writing the Lion was an emblem of violence and Tory; and the 
representation of this animal in the 2k>diac, signified the intense heat occasioned by the 
sun when it entered that part of the ecliptic. The Egyptians were much annoyed by 
lions during the heat of summer, as they at that season left the desert, and haunted the 
banks of the Nile, which had then reached its greatest elevation, ii was therefore 
natural for their astronomers to place the Lion where we find him in the Zodiac. 

The figure of Leo, very much as we now have it, is in all the Indian and Egyptian 
Zodiacs. The overflowing of the Nile, which was regrularly and anxiously expected every 
year liy the Egyptians, took place when the sun was in this sign. They therefore paid 
more attention to it, it is to be presumed, than to any other. This was the principa' 
reason, Mr. Green supposes, why I^o stands first in the sodiaes of Dendera. 

In the Hebrew ZodiMC, Leo is assigned to Judah, on whose standard, according to • 1 
traditions, a Lion is painted. This is clearly intimated in numerous passages of the 
Hrbrew writings: Ex. — "Judah is a Lion's whelp ; he stooped down, he couched as a 

182. Sise and position of Denebola? How known ? When does it come to the meri- 
litHn as compared with Regulus? Wliat said of its meridian altitude? When on the 
meridian where is Regulus seen? Phad? What triangle? How is Denebolo situate^*. 
with respect to Arcturus and Spica Vii ginis ? To Cor Caroli ? What other large fljfureo 

JItsTOttV. — Greek fable? Egyptian? Hebrew Zodiacs? Scripture allnsioss to th< 
> ••■.II? 
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LloD, and %a an Old Lloa ; who ghall roiue him up ?** Oen. xlix. 9. *' The Uon of itv 
tr'Jbo of Judah hath prevailed." Rer. y. 5. 

TRLESCOPIC OBJECTS 

I a LaoNK (RegtUwt)—A. bnght star with a distant companion ; R. A. 9h. (Mhn. 51«. ; 
I»tfC. N. la* 44' 08'. A 1, flushed white ; B SX, pale purple. 

9. i3 LaoKid (DeneboUi) — A flne star with a distant companion; R. A. llh. 4(hn. 5>k.. 
n<;c. N. 15* 28' 0'. A 2><, bluish; B S, dull red. 

g. y Lkonk(^^ G^ifba) — A splendid doublk star; R. A. lOh. Urn. 08s.; Dec. N. 30* 
33' C. A 2, bright orange; B 4, greenish yellow. A most beautiful otject— binary- 
period suppo:>ed about 10(HJ years. Map VIII., Fig. 6. 

4. 6 Lkonis {Zozmay—K coarse triplb star; R. A. llh. 06m. 85a.; Dec N. 21' 24' 1'. 
A 8, pale yellow ; B 18, blue ; C 9, violet. « 

6. E Lbomis — A stiir with a distant companion in the mouth of Leo ; R. A. 9h. 80m. 468 ; 
Dec. N. 24' 80' 6'. A 8, yellow ; B lU, pale grey. 

6. i Lbokis—A bin art stae in the flank, 7* S. W. of Denebola (V on map; ; R. A. llh. 
15in. 85s. ; Dec. N. 11* 24' 8*. It forma a neat scalene triangle with /3 and i^. A 4, pale 
yellow ; B 7>i , light blue ; a beautiAil ol:t|ect. 

7. /i Lbokis {Ra9 Al Asady—k doublb btas; R. A. 9h. 48m. 898. ; Deo. N. 26* 46' 5'. 
i 8, orange ; B 10, pale lilac. 

R. A neat docblk star near Zoama ; R. A. llh. 05m. 178. ; Dec. 21* 00' 8'. Componenti 
both 7)ii, and both faint yellow; a beautiful otu'ect. 

9. A BRIGHT NEBULA near the hind paws ; R. A. lOh. 57m. 87s. ; Dec. N. 0* 49' 6'. Larg<!, 
elongated, well-defined — an enormous mass of luminous matter— one of a Vftst number 
of spherical nebulas in the vicinity. 

1u. A bicentral whitb mbbdla in the lower jaw, 2* south of A Leonis ; R. A. 9h. 28m. 
U7d. ; Dec. N. 22° 12 1'. May be classed as double— small sUrs in field ; difficult ol^ject 
See Map VIII., Fig. 40. 

11. A lucid WBiTK nbbula on the Lion's ribs, about 9* due east of Regulus; R. A. lOh. 
Una. 81s. ; Dec. N. 12' 81' 9". Round and bright, with two smalf stars in field. Another 
large pale white nebula, about 1* east of it. 

12. A PAIR OP BRIGHT CLASS NEBUUB In the Lion's belly ; R. A. lOh. 89m. 498. ; Dec. N. 
18* 28*. Found south of line Joining Regulus and t^ Leonis, about 10* east of, and 
nearly on a parallel with the latter. 

18. A LAROB, bijOngatbd brbola, With a bright nucleus on the Lion's haunch; R. A. 
Ill), lion. 4Bb. ; Dec. N. 18* 02' 4' ; Just 8* southeast of ^, with another smaller nebula, 
and BeveralBtors in the field. Map VIU., Fig. 41. 

LEO MINOR (the little lion).— MAP IV. 

' 133. Leo Minor contains 53 stars, including only one of tbt 
8(1 magnitude, and five of the 4th. The principal star is situated 
in the body of the animal, 13° N. of Gamma Leonis, in a straight 
line with Phad, and may be known by a group of smaller stars, 
a little above it on the N. W. 

It forms an equilateral triangle with Gamma and Delta Leonis, the vertex being in 
l.ieo Minor. This starU marked with the letter i, in modern catalogues, and being the 
principal representative of the constellation, is itself sometimes called the Little Lion : 
S K. of this star (the Little Lion) are two stars of the 4th magnitude, in the last paw 
of Ursa Major, and about 10* N. W. of it are two other stars of the 8d magnitude, in the 
first hind paw. 

" The Smaller Lion now succeeds ; a cohort 
Of fiftj' stars attend his steps ; 
And three^ to sight unarm'd, invisibi •.'•* 



Tblescopio Objects.— Alpha? Beta? Gamma? Point out on the map. DcltiT 
Kpflilon? Iota? Mu? What nebulas? Which shown on the map ? Point ojit. 
ISu. Describe Leo Minor? Its principal star? Helps form what triangle ? 
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134 Tliifl constellation was formed by Hevelios, out oi the 
Ste/iee informes, or uufonned stars of the ancieuts, which lay 
sciittereil between the Zodiacal constellation Leo on the S., and 
TTrsa Major on the X. Its mean right ascension is the same 
with that of llcgulus, and it comes to the meridian at the same 
time on the 6th of April. 

Tlie modern constellations, or those whieh have been added to our celestial inapt> 
stnce the adoption of the Oreek notation, in 1608, are referred to by the letters of the 
English alphabet instead of the Greek. This is the case in regard to Leo Minor, and all 
other constellationa whose origin is subsequent to that period. 

TELESCOPIC OBJECTS. 

A BRIOHT OTAL HBBDLA between I^nz and Cancer, but giren to Leo Minor ; R. A. Sh. 
i2m. 44s. ; Dec. N. 84* 00' 6*. Direct telescope 16* north bj east of Presepe in Cancer 



SEXTANS (THE sextant).— MAP IV. 

135. Sextans contains 41 very small stars, including only one 
as large as the 4th magnitude. This is situated very near the 
equinoctial, 1 3° S. of llegulus, and comes to the meridian a)>out 
the same time on the 6th of April. The other stars in this con- 
stellation are too small to engage attention. A few of the 
largest of them may be traced out from the map. 

The Skxtamt, called also UaAinA*8 SiXTAjn, is a modem constellation that Herelius 
made out of the unformed stars of the ancients, which lay scattered between the Lion 
on the N., and Hydra on the S. 

Urania wad one of the muses, and daughter of Jupiter and Mnemosyne. She pre> 
«<ded over astronomy. She was represented as a young virgin, dressed in an azure* 
colored robe, crowned with stars, holding a robe in her hands, and having many mathe- 
matical instruments about her. 

A sextant, in mathematics, is the sixth part of a circle, or an arc comprehending GO 
degrees. But the term is more particularly used to denote an astronomical instrument 
well known to mariners. Its use is the same as that of the quadrant: namely, to mea- 
sure the angular distance, and take the altitude of the sun, moon, planets, and fixed 
stars. It is indispensable to the mariner in finding the latitude and longitude at sea, 
and should be in the hands of every surveyor and practical engineer. It may serve the 
purpose of a theodolite, in measuring inaccessible heights and distances. It may gra> 
tify the young pupil to know, that by means of such an instrument, well adjusted, and 
with a clear eye and a steady hand, he could readily tell, within a few hundred yards 
how far north or south of the equator he was, and that from any quarter of the world, 
known or unknown. This constellation is so called, on account of a supposed resem- 
blance to this instrument. 

TELESCOPIC OBJECra 

1. A DOUBLB STAR on the right fore leg of Leo, though crimped into the sextant ; R. A 
91). 'ifim. 45s. ; Dec. N. 5* 41' 8'. It lies about one-third of the way from Kegulus to 
Alphurd. A 7, and B. 9, both blue, and well-defined. 



i34. Origin of Leo Minor? Mean R. A.? What remark respecting the fWtaUtm of 
ike stars ? 

Telescopic Objects. — What nebula ? Situation ? How find ? 

185. Describe Sextans ? Situation of its principal star? What said of the remainder ? 
What said of the age of this constellation ? Of Urania ? Of the Sextant as a nautical 
Lnstruraont ? 

Telescopic OsjBCTS.^What double stars? What nebula? What "xjuvrkable sigh* 
seen near this nebula f 
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^, A neat doubls stab on the north extreme of the graduated limb of the instrument; 
and three-fifths of the distance oetwe«n Alphard Hnd Denebola ; R. A. lOh. 85m. 08a. ; 
Dec. N. 5* 85' 2'. A 7, topas yellow; B 8, smalt blae ; a fine ol^ect. 

8. A bright elass boukd nibula on the frame of the instrument ; R. A. lOh. 05m. 66s.; 
Oec. N. 4* 15' r. A good telescope shows another large but faint nebula near bj. 

This ol]Ject is on or near the spot where the Capuchin, De Rheita, fancied he saw thA 
napkin of St. Veronica, in 1783. Captain Smyth has a picture of this wonderful napkin ; 
and Sir J. Herschel remarlcs that " many strange things were seen among the starii 
oeforo the use of powerful telescopes became common." 

HYDRA AND THE OUR— MAP IV. 

136. Hydra, {ike Water- Serpent ,) is an extensive consteJlar 
tion, winding from E. to W. in a serpentine direction, over a 
space of more than 100 degrees in length. It lies south of 
Cancer, Leo and Yirgo, and reaches almost from Canis Minor 
to Libra. It contains sixty stars, including one of the 2d mag- 
nitude, three of the 3d, and twelve of the 4th. 

137. Alphard or Cor Hydrce^ in the heart, is a lone star of 
the 2d magnitude, 23° S. S. W. of Regulus, and comes to the 
meridian at the same time with Lambda, in the point of the 
sickle, about 20 minutes before 9 o'clock on the 1st of April. 
There is no other considerable star near it, for which it can be 
mistaken. An imaginary line drawn from Gamma Leonis 
through Regulus, will point out Cor Hydrse, at the distance 
of 23°. 

138. The head of Hydra may be distinguished by means of 
four stars of the 4th magnitude, 2^° and 4° apart, situated 6" 
S. of Acubens, and forming a rhomboidal figure. The three 
upper stars in this cluster form a small arch, and may be known 
by two very small stars just below the middle one, making with 
it a very small triangle. The tliree western stars in the head 
also make a beautiful little triangle. The eastern star in thi» 
group, marked Zeta^ is about 6° directly S^ of Acubens, and 
culminates at the same time. 

139. When Alphard is on the meridian, AUces^ of the 4th mag- 
nitude, situated in the bottom of the Cup, may be seen 24° S. E. 
of it, and is distinguished by its forming an equilateral triangle 
with Beta and Gamma, stars of the same magnitude, 6° S. and 
E. of it. Alkes is common both to Hydra and the Cup. Beta, 
on the S., is in Hydra, and Gamma, on the N. E., is near the 
middle of the Cup. A line drawn from Zozma, through Thetn 

186. Describe Hydra f Its situation ? Number and magnitude of its stars ? 187. Pn 
Biti<<n and magnitude of Alphard ? How pointed out? 188. How is the Itead- of Hydra 
distinguished f 189. What said of Alkes? Of BeU and Gamma? Horn- is Bete 
fonnd ? 
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Leuuis, und continued 38^° directly S. will reach Beta ; it ifi 
therefore on the same meridian, and will culminate at the eamo 
time on the 23d of April. 

140. The Cap itself (called also the Crater), may be easily 
distinguished by' means of six stars of the 4th magnitude, form* 
ing a beautiful crescent, or semicircle , opening to the W. The 
center of this group is about 15° below the equinoctial, and 
directly S. of the hinder feet of Leo. The crescent form of the 
stars in the Cup is so striking and well defined, when the moon 
is absent, that no other description is necessary to point them 
out. Its center comes to the meridian about two hours after 
Alphard, on the same evening ; and consequently, it culminates 
at 9 o'clock, one month after Alphard does. The remainder of 
the stars in this constellation may be easily traced by aid of 
the map. 

141. When the head of Hydra is on the meridian, its other 
extremity is many degrees below the horizon, so that its whole 
length cannot be traced out in the heavens until its center, oi 
the Cup, is on the meridian. 



-" Near the equator rolls 



The sparkling Uydra, proadly eminent 
To drink the Oiilamy^» refulgent sea ; 
Nearly a fourth of the encircling curve 
Which girds the ecliptic, his \ ast folds involve ; 
Yet ten the number oi his stars diifused 
O'er the long track of his enormous spires ; 
C^K^beams his heart, sure of the second rank. 
But emulous to gain the first." — SttdoHa. 

HISTORY. 

ine astrologers of the east, In dividing the celestial hosts into various compartments, 
assigned a popular and allegorical meaning to each. Thus the sign Leo^ wtiich passes 
the meridian about midnight, when the sun is in Pisces, was called Vie Houm qf th*i 
LUms^ Leo being the domicil of Sol. 

The introduction of two serpents into the constellations of the ancients, had its origin 
it is supposed, in the circumstances that the polar one represented the oblique course of 
the stars, while the Hydra, or Great Snake, in the southern hemisphere, symbolized the 
moon's course ; hence the Nodes are called the DrtigovVe head wnd tail to this day. 

The hydra was a 'terrible monster, which, according to mythologis'fo, infested tht 
neighborhood of the lake Lema, in the Peloponnesus. It had a hundred heads, accord- 
ing to Diodorous; fifty, according to Simonides; and nine, according to the more com 
monly received opinion of ApoUodorus, Hyginus, and others. As soon as one of these 
heads was cut oflT, two immediately grew up if the wound was not stopped by fire 

** Art thou proportion'd to the hydra's length. 
Who by his wounds received augmented strength? 
He raised a hundred hissing heads in air. 
When one I lopp'd, up sprang a dreadful pair." 

To destroy this dreadful monster, was one of the labors of Hercules, and this he easily 
;irected with the assistance of lolaus, who applied a burning iron to the wounds as 
900U as one head was cut ofL While Hercules was destroying the hydra, Juno, jealous of 
lis glory, sent a sea-crab to bite his foot. This new enemy was soon despatched ; an ! 

14a How is the Oup distinguished ? Is it easily found ? 141. What Is said of tlif 
afjnt of Hydra east and west? History of HydrH» 
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Junu WHS cmable to succeed in her attempts to lessen the fame of IJercules. The con- 
^ueror dipped his arrovrs in the gall of the Hydra, which ever after rendered the wound** 
hiOicted with them incurable and mortal. 

This fable of tl»e many-headed hydra may be understood to mean nothing more than 
that the marshes of Lerna were infested with a multitude of serpents, which tteisoed to 
multiply aa fast as they were destroyed 

TKLESCOPIC OBJECTS. 

1. a Gratkris — A star witli tw» very distant companions in the base of the cap; R. A. 
lOh. 52m. 00s ; Dec. S. 17' 26' 9'. A. 4, orange tint; B 8, Intense blood color; C 9, piJc 
Hue. 

2. y Craterisi — A close ooublk star, in the center of the cup; R. A. llh. 16m. 54s.; 
Dec. ». 16° 4S' 3"; A 4, bright white; B 14, grey , with a star of the 11th magnitsdo foU 
lowing, on a line with A. B. 25' distant. 

3. 6 Crateris — A star with a very distant companion, on the cup, midway between 
Alphard and Spica, but a little south of the line joining them; R. A. llh. 11m. 21s.; 
Dt^c. S. 18* 54' 8*. A S}4, pale orange; B 11, pale blue — other small stars in the field. 

4. a Hydbjk {Car HydroBy-A bright star in the heart of Hydra with a distant cotq- 
panion ; R. A. \h. 19m. 44s. ; Dec. S. 7* 53' 1'. A 2, orange tint; B 10/ pale green. 

5. 6 HTDRiB — ^A star with a distant companion in the head of Hydra; R. A. Sh. 29in 
14s. ; Dec. N. 6* 15' 5'. A 4, light topas; B 9, livid— several other stars in the field. 

6. e Htdrjh— A double star in the head ; R. A. 8h. 8$m. ISs. ; Dec. N. 7* 00' V. A 4, 
pale yellow; B 83$, purple. 

7. A PLANBTART KBBULA in the middle ofnhe body; &. A. lOh. 17m. 01s.; Dec. S. 17* 
50' 6'; greyish white. 



CHAPTER VII. 

CONSTELLATIONS ON THE MERIDIAN IN MAT. 
URSA MAJOR (THE GREAT BEAR).— MAPS IV. AND VI. 

142. Ursa Major is situated between Ursa Minor on the north, 
and Leo Minor on the south. It is one of the most noted and 
conspicuous in the northern hemisphere. It has been an object 
of universal observation in all ages of the world. 

The priests of Beltis and the Magi of Persia, the shepherds of Chaldea, and the Phce* 
nician navigators, seem to hare been equally struck with its peculiar outlines. And it 
is somewhat remarkable, that a remote nation of American Aborigines, the Iroquois, 
and the earliest Arabs of Asia, should hare given to the very same constellation the 
name of ** Great Bear," when there had probably nerer been any commnnicatioo 
between them ; and when the name itself is so perfectly arbitrary, there being no resem* 
blance whatever to a bear, or to any other animaL 

143. It is readily distinguished from all others oy means of b 
remarkable cluster of seven bright stars, forming what is fami- 
liarly termed the Dipper, or Ladle. In some parts of England 
it is called " Charles' Wain," or wagon, from its fancied resem- 

TKLNSCOno Objvotb.— Alpha? Gamma? Delta? Alpha Hydras? Delta Hydro? 
Eta HyJrft) ? What Nebula ? 

.i42. Describe Ursa Major? What remarkable fact as to its name? 148. How dif* 
tirfuisbod ? What other names for the Dipper ? What remark in small type 9 
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'>lance tu a wagon drawn by three horses in a line. Others call 
'lu the Ploui^h. The cluster, however, is more frequently put foi 
the whole constellation, and called sim[)ly the Great Bear. 

We M« DO reason to nJect the very appropriate appellation of ths shepherds, for the 
resemblance is certainly In favor of the 0ipper; the four stars in the square forming the 
bowl, and the other three the handle. 

144. When the Dipper is on the meridian, above the pole, the 
bottom lies toward us, with the handle on the right. 

Benelnasch is a bright star of the 2d magnitude, and is the 
first in the handle. The second, or middle star in the handle is 
Mizar, ^l"" distant from Benetuasch. It may be known by means 
of a very minute star almost touching it, called Alcor, 

145. The third star in the handle is called Alioth, and is about 
4^° W. of Mizar. Alioth is very nearly opposite Shedir in Cas- 
siopeia, and at an equal distance from the pole. Benetnasch, 
Mizar, and Alioth constitute the handle, whUe the next four in 
the square form the bowl of the Dipper. 

146. Five and a half degrees W. of Alioth is the first star in 
the top of the Dipper, at the junction of the handle, called 
Megrtz ; it is the smallest and middle one of the cluster, and is 
used in various observations both on sea and land for important 
purposes. 

When MegrcB and Caph hare the same altitude, and are seen in the same horizontal 
line east and west, the jMlar star is then at its greatest elongation from the true pole of 
the heavens ; and this is the |>roper time for an observer to take its angle of elevation, 
in order to determine the kUUua^^ and its aximuth or angle of declination, in order to 
determine the magnetic variation. 

147. At the distance of 4^° S. W. of Megrez is Phad, the 
first star in that part of the bottom which is next the handle. 

The stars in this cluster are so well known, and may be so easily described without 
reference to their relative bearings, that they would rather confuse than assist tlie 
student, were they given with ever so much accuracy. The several bearings for thi& 
cluster were taken when Megres was on the meridian, and will not apply at any other 
time, though their respective distances will remain the same. 

148. At the distance of 8° W. of Phad, is the westernmost 
star in the bottom of the Dipper called Merak, The bright star 
6° N. of it, toward the pole, is called Dubhe. These two, are. 
by common consent, called the Pointers, because they always 
point toward the pole; for, let the line which joins them be con- 
tinued in the same direction 28f ° further, it will just reach the 
north pole. 

The names, positions, and relative distances of the stars In this cluster should be weU 

144. How is the handle of the Dipper situated, when the Dipper is above the poIeV 
Describe Benetnaschf Misar? How known? 145. Alioth? Megres? Remark 
respecting? Phad? Remark lu small print? 14S. Merak and Dubhe? Constitute 
what? Remark respecting the names, positions and distances of the stars in Ursa 
Maior? Why should these d'.stanceR be well understood? 
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remembered, as they will be frequently adrerted to. The distance of Dubhe, or the 
Pointer nearest to the north pole, is 28^*. The distance between the two upper stars ic 
the Dipper is 10*; between the two lower ones is 8"; the distance from the brim to the 
bottom next the handle, is 4^*; between Megrex and Alioth, is 6)f*; between Alioth 
and Misar, 4^*; and between Misar and Benetnasch, 7*. 

The reason why it is important to have these distances clearly settled in the mind is, 
that these stars, being always in view, and more familiar than any other, the student 
will never fail to hare a standard measure before him, which the eye can easily make 
use of in determining the distances between other stars. 

149. The position of Megrez in Ursa Major, and of Caph in 
Cassiopeia, is somewhat remarkable. They are both in the equi- 
noctial colure, ahnost exactly opposite each other, and equally 
distant from the pole. Caph is in the colure, which passes 
through the yernal equinox, and Megrez is in that which passes 
through the autumnal equinox. The latter passes the meridian 
at 9 o'clock, on the 10th of May, and the former just six months 
afterward, at the same hour, on the 10th of November. 

150. P«, in the left leg of Ursa Major, is a star of the 4th 
magnitude, in a line with Megrez and Phad, distant from the 
latter 12^°. A little out of the same line, 3° farther, is another 
star of the 4th magnitude, marked EpsiUm, which may be dis- 
tinguished from Psi, from its forming a straight line with the two 
Pointers. 

151. The right fore-paw, and the two hinder ones, each about 
1 5° from the other, are severally distinguished by two stars of 
the 4th magnitude, between 1° and 2"* apart. These three 
duplicate stars are nearly in a right line, 20° S. of, and in a 
direction nearly parallel with Phad and Dubhe, and are the only 
stars in this constellation that ever set in this latitude. 

There are a few other stars of equal brightness with those Just described, but amidst 
the more q;>lendid and interesting group with which they are clustered, they seldom 
engage our obserration. 

The whole number of visible stars in this constellation is 87 ; of which ftro are of the 
2d; two of the 8d, and about twice as many of the 4th magnitude. 

HISTORY. 

Ubsa Muoe is said to be Galisto, or Helice, daughter of Lycaon, king of Arcadia. Sho 
was an attendant of Diana, and mother of Areas, by Jupiter, who placed her among the 
oonstellations, after tbe jealousy of Juno had changed her into a bear. 

** This said, her hand within her hair she wound, 
Swung her to earth, and dragg'd her on the ground ; 
The prostrate wretch lifts up her hand in prayer ; 
Her arms grow shaggy, and deform'd with hair, 
Her nails are sharpened into pointed claws. 
Her hands bear half her weight., and turn to paws ; 
Her lips, that once could tempt a god, begin 
To grow distorted in an ugly grin ; 



149. What said of Megrei and Caph? 150. Of Psi and Epsllou? 151. How Ond 
tbe/M< of the figure? Number of stars in Ursa Major? Magnitudes? 

HiwroRTif— Who was Ursa Major before she became a bear ? What other suppeiiitlon 
Ilnw are the two bears reprvneaU^d by the jE^ptians? What further remark;} V 

B.G. 4 
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And Ictt the luppIlcaiiDg brat« might reach 
The ears of Jove, she was deprived of speech. 

0**0 

How did she f«ar to lodge !n woods alone, 

And haunt the fields and meadows, once her own t 

How oft«n would tlie deep-mouthM dogs porsne. 

Whilst from her bounds the frighted hunters flew.**~<Mer« 

^onlC suppose that her son Areas, otherwise railed Bootes, was changed into Cr^ 
.11 i nor, or the Little Bear. It is well known, that the ancients represented both the«9 
^>uiittllations under the figure of a wagon drawn by a team of horses ; hence the appe!- 
lution of CharUa* Wain^ or wagon. This is alluded to In the Phenomena of Aratus, a 
Greek |K>em, from which St. Paul quotes in his address to the Atnenians: — 

** The one call'd Helix, soon as day retires. 
Observed with ease lights up his radiant fires. 
The other, smaller, and with feebler beams, 
Id a less circle drives its laay teams ; 
But more adapted for the sailor's guide. 
Whene'er, by night, he tempts the briny tide." 

in the Egyptian planispheres of remote antiquity, these two constellations are repra- 
•ented by the figures of bears, instead of wagons; and the Greeks, who derived most of th :L 
astronomical symbols from the Egyptians, though they usually altered them to emblems 
of their own history or superstition, have, nevertheless, retained the original form of 
the two bears, It is said by Aratus, that the Phoenician nayigators made use of Ursa 
Minor in directing their voyages : — 

"Observing this, Phoenicians ploogh the main:** 

while the Greeks confined their observations to Ursa Msjor. 

gome Imagine that the ancient Egyptians arranged the stars near the North Pole, 
within the outlines of a bear, because the polar regions are the haunts of this animal, 
and also because it makes neither extensive Journeys nor rapid marches. 

At what period men began to sail by the stars, or who were the first people that did 
so, is not clear ; but the honor is usually given to the Phoenicians. That it was praG> 
ticed by the Greeks, as early as the time of the Trcyan war, that is, about 1900 year. 
B. On we learn from Homer ; for he says of Ulysses, when sailing on his raft, that 

" Placed at the helm he sate, and markM the skies, 
Nor closed in sleep his ever watchltd eyes." 

It is rational to suppose that the stars were first used as a guide to travellers by land, 
for we can scarcely imagice that men would venture themselves upon the sea by night, 
before they had first learned some safe and sure method of directing their course by 
land. And we find, according to Diodorus Siculus, that travellers in the sandy plains of 
Arabia were accustomed to direct their course by the Beara, 

That people travelled in these vast deserts at night by obsenring the stars, is directly 
proved by this passage of the Koran :— ** God has giyen you the stars, to be guided in 
the dark, both by land and by sea.** 

TELESCOPIO OBJECTS. 

1. a Ubsa Majobib (JhibhSrOne of the pointers}— A fine star with a distant compa- 
nion ; R. A. lOh. 68m. 48s. ; Dec. N. 62* 86' 8". A 1 H, yellow ; B 8, yellow. 

2. /3 Ubsa Majoris (JTeroib)— a bright star with a distant companion ; R. A. lOh. SSm. 
08"; Dec. N. 67' 14' 2". A 2, greenish white ; B 11, pale grey— other stars in field. 

8. y Ubsa Majosis (Phad) — A star with a distant companion ; R. A. llh. 46m. 238. ; 
Pec. N. 64* 86' 1'. A 2, topaa yellow ; B 9, ashy paleness, with a fine group of stars in 
the field. 

4. S Ubsa Majoris (Megre»y—K fine star, suspected of variability, with a distant com- 
panion; R. A.12h. 07m. 28s.; Dec. N. 67* 66 8'. A 8, pale yellow; B9,ash colore<l, 
with other stars in field. 

6. C Ubsa Majoris {MUar.)—k splendid double star in the middle of the tail ; R. A. 
ISh. 17m. 28s. : Dec. N. 65* 45' 8". A 8, brilliant white ; B 6, pale emerald. Alcor am 
other stars in the field. Map VIII. Fig. 7. 



Tm.iaoopio Objects.— Alpha? Beta? Gamma? Delta? ZeU? Eta? loto? Nv 
Wf at nebula? Which shown on the map? 

V 
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(». Tf Ursa Hajoris {BfinetnaBoh}—A oovBLsffrAR Id the tip of thd tail; R. A. ]8h.41m 
1.48. ; Dec. N. 60* 06' 6*. A 2)<, brilliant white ; B 9, dusky. 

7. I Ursa Majoris (Al Kaphrahy^k doubls star in the right fo'e paw ; R. A. 8h. 48in. 
t4s. ; Dec. N. 48* 89' 9'. A 8M, topas yeUow ; B 18, purple. Bir J. Ilerachel supposed A 
might be a satellite, shining only by reflection. 

8. V Ursa Majoris — A delicate dooblr star in the left hind loot. Just abore f or 
El Acola ; R. A llh. 09m. 49s. ; Dec. N. 80* 58' 0'. A 4, orange tint ; B 13, cornelian blue ; 
a close but elegant olject. 

9. A beautiful plahrtart rkbttiu., Just south of j3 ; R. A. lOh. 88m. 466. ; Deo. N. M* 
V/)' 4'. A small, well defined object, bluish white, and brightens towards the center. 

10. A BRIGHT NEBULA in the right fore leg; R. A. 9h. 10m. 648.; Dec. N. 51* 40' 5*. Of a 
pale creamy whiteness, with several bright stars in the northern part of the field. 
Nebula large, elliptical and nucleated. 

11. A bright-class round nrbula above the Bear's ear ; R. A. 9h. 84m. 82s. ; Dee. N. 78' 
01' 2'. Several stars in field, of 9th to 12th magnitude. 

12. A nNB OVAL nrbula in the ear ; R. A. 9h. ^m. 10s. ; Dec. N. €9* 51' 8*. 

18. A LABOR MiLK-wHTTB NRBULA on the body, about 1* south of /? or Merak ; R A. llh. 
03m. 02s. ; Dec. N. 66* 81' 8". 

14. A LARGB PLANBTART NRBULA On the flank, With Several stars In the field, one of 
which is pretty close; K. A. llh. 06m. 34b. ; Dec. N. 56* 52' 9'* About 8* to the 8. B. of 
/9, and just south of a line from (3 toy; a singular oljject, circular, uniform, and seem- 
ingly of the sise of Jupiter. W. Ilerschel assigned this okt}ect to the 980th order of dis- 
tance. Mhp VIIl., Fig. 48. 

16. A BRIGHT-GLASS NRBULA in a poor field, behind the left hind leg, one-third the dls* 
tance from 6 towards Denebola; R. A. llh. &8m. 518.; Dec M. 48* 67' 8'. Of a lucid 
white, various and elongated. Hap Yin., Fig. 48. 

16. A LARGB WHiTR NRBULA near the haunches; R. A. 18h. 11m. 048. ; Dec. N. 48* 11' 1*. 
A noble-siaed oval, with a bright nucleus, the lateral edges better defined than the ends. 

Found by running a diagonal line across the square, firom a through >, and about 7)6* 
beyond, into the S. BL 



OOMA BERENICES (bkebnioe's haib).— MAP IV. 

152. This is a beaatifal claster of small stars, situated about 
5° E. of the equinoctial colure, and midway between Cor Caroli 
on the northeast, and Denebola on the southwest. If a straight 
line be drawn from Benetnasch through Cor Caroli, and pro- 
duced to Denebola, it will pass through it. 

153. The principal stars are of between the 4th and 5th mag- 
nitudes. According to Flamsted, there are thirteen of the 4th 
magnitude, and according to others there are seren ; but the 
student will find agreeably to his map, that there is apparently 
but one star in this group, entitled to that rank, and this is 
situated about 1° S. E. of the main cluster. 

Although it Is not easy to mistake this group for any other in the same regfon of the 
shies, yet the stars which compose it are all so small as to be rarely distinguished In .^e 
full presence of the moon. The confUsed lustre of this assemblage of small stars some* 
what resembles that of the Milky Way. 

15S Describe Coma Berenices? How find it? 168. Its principal stars, their nomhc. 
Ac. r What remark in fine print f 



78 ▲8TRONOMT. 

154. lie whole number of stars in this constellation is 4H : 
iUs mean right ascension is 185^. It consequently is on lim 
meridian the 13tb of May. 



-*• Now behold 



The gliUeriaff maie of BrremJLun ffatr; 



Jbrtt^ the ttara; bat soch aa Mem to Um 
Thnj b w i m ff trmui§ with a lambent lire, 
Wout to the tdeecope alone are seen.** 

HISTORT. 

BereaSee was of royal descent, and a lady oT great beanty, who married Ptolemy Soter, 
or Brergetes, one of the kings of i^ypt, her own brother, whom she loved with much 
tendemeas. When he was going on a dangscoos expedition against the Assyrians, she 
Yowed to dedicate her hair to the goddess of beaoty, if he retnmed in safety. Some 
time after the Tietorioos retom of her husband, Brergetes, the loclcs, which, agreeably 
to her oath, she had deposited in the temple of Tmins, disappeared. The king expressed 
great regret at the loss <^ what he so moeh prised ; whereop<m Conon, his astronomer, 
pidiUely reported that Jnpiter had taken away the qaeen*s locks from the tempie and 
placed them among the stars. 

** There B erB m i e ^ t loekt first rose so bright. 
The heaTons bespangling with disherelled light.** 

Conon being sent fbr by the Ung, pointed oat this constdlation, saying, ** There behold 
the locks of the qoeen.** This group being among the unformed stars ontil that time, 
and not known as a constdlation, the king was sati8fl<:d with the declaration of the 
astronomer, and the qoeen became reconciled to the partialis of the gods. 

CalUmaehns, a historian and poet, who flourished long before the Ohristian era, has 
these lines as translated by Tytler : — 

** Immortal Conon, blest with skill dlrine. 
Amid the sacred skies behold me shine : 
B*en me, the b^iuieout hairy that lately shed 
Refulgent beams firom Beret U etf% head ; 
The iodt she fondly rowed with lifted arms. 
Imploring all the powers to sare from barms 
Her dearer lord, when firom his bride btt flew. 
To wreak stem rengeance on the Assyrian crew.** 

TKLESCOPIO OBJECTS. 

1. A TBiPLB STAR, between the tresses and Yirgo*s northern wing; B. A. 12h. dBm. fite. 
Dec. N. 28* 07' 0'. A 6, pale yellow; B, indistinct; C 10, cobalt blue. About 7* south* 
east of a Berenices, and 20* west of Arctnrus. 

8. A OLOBULAa CLCsna, between the tresses and the Virgin's left hand, with a coarse 
pair and one single star in the field ; R. A. llh. 05m. OSs. ; Dee. N. 19* 01' 8'. A brilliant 
mass of minute stars from the 11th to the 16th May; compressed i^ center. A line 

through 6 and e Yirginis, northward, meeting another from Arcturus orer V Bootes, falls 
apon this magnificent olject. 

8. A ooiRVicuous KKBOLA between the tresses and the rirgin*8 left arm ; B. A. 12h. 
48m. fi2s. ; Dec. N. 82* 88' 8*. A magnificent object, both In sise and brightness, witk 
several small stars in the field. Elongated, com presse d in the centre, and was likened 
\Y Mr Charles Blagdon to a ** Uack «ye.** Map YIIL, Fig. 4i. 



OORVUS (the obow).— map IV. 

155. This small consteUation is situated on the eastern part 
of Hydra, 15° B of the Cup, and is on the same meridian with 

154. What number of stars? 

Hmtobt.— Who was Berenice? Story of the loss of her hair, Ac.? 

TiuMX>Pio Objictb.— What triple stars? Cluster? Nebula? Point out on the Man. 

!S6. Where ia Corvsia situated? Number of visible sUrs ? . 



Coma Berenices, bat as far S. of the eqmno^.cial as Coma Bere- 
nices is N. of it. It therefore culminates at the same time, on 
the 12th of May. It contains nine visible stars, including three 
of the 3d magnitude, and two of the 4th. 

156. This constellation is readily distinguished by means of 
three stars of the 3d magnitude and one of the 4th, forming a 
trapezium or irregular square, the two upper ones being about 
S^"" apart, and the two lower ones 6° apart. 

151. The brightest of the two upper stars, on the left, is 
called Algorabf and is situated in the E. wing of the Crow ; it 
has nearly the same declination S. that the Dog Star has, and 
is on the meridian about the 13th of May. It is 21^° E. of 
Alkes in the Cup, 14^° S. W. of Spica Vu^ginis, a brilliant star 
of the 1st magnitude, to be described in the next chapter. 

158. Beta, on the back of Hydra, and in the foot of the Crow, 
is a star of the 3d magnitude, nearly 1^ S. of Algorab. It is 
the brightest of the two lower stars, and on the left. The right- 
band lower one is a star of the 4th magnitude, situated in the 
neck, marked Epsilon, about 6° W. of Beta, and may be known 
by a star of the same magnitude situated 2° below it, in the eye, 
and called Al Chiba. Epsilon is 21|° S. of the vernal equinox, 
and if a meridian should be drawn from the pole through 
Megrez, and produced to Epsilon Corvi, it would mark the equi- 
noctial colure. 

159. Gamnuif in the W. wing, is a star of the 3d magnitude, 
3^° W. of Algorab, and is the upper right-hand on"* in the 
square. It is but 1° E. of the equinoctial colure. 

10° E. of Beta is a star of the 3d magnitude, in the vail of 
Hydra, marked Gamma ; these two, with Algorab, form nearly 
a right-angled triangle, ^e right angle being at Beta. 

HISTORY, 

The Crow, it it said, was once of the purest white, but was chanfed for tale-bearinK U 
Its iHresent color. A fit punishment for such a fault. 

** The raven once in snowy plumes was drest. 
White as the whitest dove's unsullied brsast, 
Fair as the guardian of. the capitol, 
Soft a9 the Swan ; a large and lovely fowl ; 
His tongue, his prating tongue, had ohangped him qoiiA, 
To sooty blackness from the purest white?* 

According to G-reek fable the Orow was made a constellation by Apollo. This go j 
be'og jealous of Goronls (whom he tenderly loved), the daughter of Phlegyas and 



166. How is it found? 157. What said of Algorab r 158. Of Beta? Epsilon f 
AI Chiba r What said of the Pole, Megres, and Epsilon? 150. Of Gamma? What 
triangle? . 

HiSTOBT. — Story of the original color of Gorvus? Greek fable nf the origin or tb<* 
icustellation ? What other accomi « * 



idO ASTRONOMY. 

mother ol JbMsalaptot, tent a crow to watch her beharlor; the bird perceived her crt 
mlnal partiality for Uchys the Thessalian, aod immediately acquainted Apollo with hei 
conduct, which so fired his Indignation that he lodged an arrow in her breast, and kllit^d 
ker instantij. 

** T le god was wroth ; the color left his look, 

The wreath his head, the harp his hand forsook : 

The silver bow and feathered shafts he took, 

And lodged ad arrow in the tender breast, 

That had so often to his own been prest.'* 

To reward the crow, he placed her among the constellations. 

Others say that this constellaiion takes its name from the daughter of Coronseus, 
king of Phocis, who was transformed into a crow by Minerva, to rescue the maid from 
the pursuit of Neptune. The following, from an eminent Latin poet of the Augustan 
age. Is her own account of the metamorphosis as translated into English verse by Mr. 
Addison : — 

** For as my arms I lifted to the skies, 
I saw black feathers from my fingers rise ; 
I strove to fling my garment on the ground ; 
My garment turned to plumes, and girt me round; 
My hand* to beat my naked bosom try ; 
Nor naked bosom now, nor hands had I * 
Lightly.I tripp'd, nor weary as before 
Sunk in the sand, but sldmm'd along the shore ; 
Till, rising on my wings, I was preferr'd 
To be the chaate Minerva's virgin bird ** 

TELESCOPIC OBJECTS. 

1. fi CoBVi— A fine bright star nearly midway between two distant companions. A %Ht 
raddy yellow ; B 7, greenish yellow ; C 8, dull grey. P is actually the locida, or brightest 
star of the constellation. 

2. J CoRVi— A DOUBU ffTAK In the right wing; B. A. ISh. 21m. 86t. ; Deo. 8. 16* 8T' 04* 
A 8, pale yellow ; B 8Ht purple. 



VIRGO (the visaiir).— map IV. 

IbO. This is the sixth sign, and sereiith constellation m the 
ecliptic. It is situated next east of Leo, and about midwaj 
between Coma Berenices on the N. and Corvus on the S. It 
occnpies a considerable space in the heavens, and contains, 
according to Flamsted, one hundred and ten stars, including one 
of the 1st, six of the 3d, and ten of the 4th magnitudes. Its 
mean declination is 5° N., and its mean right ascension is 195"^. 
Its center is therefore on the meridian about the 23d of May. 

The tun enters the Hffti Virgo, on the 28d of August, but does not enter the oofUfeSo- 
ii<yn before the 15th cf Septen3>er. When the sun is In this sign, the earth is In Pisces; 
and 9ic6 versa. 

161. Alpha f or Spica Virgims, in the ear of corn which the 
virgin holds in her left hand, is the most brilliant star in this 
constellation, and situated nearly 15° E. N. E. of Algorab in 
the Crow, about 35° S. E. of Denebola, and nearly as far S. S. 

Tklbsoopio Objicts.— Beta ? Delta T 

160. Order and position of Virgo? Extent? Number of stars? Magnitudes? M^ar 
Jcclination of Virgu? Remark in fine print ? 181. What said of Alpha, or Spica Vir 



VIRGO. ^<l 

VV. of Arcturas — throe very brilliant stf.rs of similar magnitade 
'^iiat form a large equilateral triaugle, pointing to the S. Aro 
turus and Denebola are also the base of a similar triangle on 
the north, terminating in Cor Garoli, which, joined to the former, 
eonstitutes the Diamond of Virgo. 

162. The length of this figure, from Cor Carol!, on the north, 
CO Spica Yirginis on the south, is 50°. Its breadth, or shortei 
diameter, extending from Arcturus on the east to Denebola on 
the west, is 35^°. Spica may otherwise be known by its soli- 
tary splendor, there being no visible star near it except one of 
the 4 th magnitude, situated about 1° below it, on the left. 

The position of this star in the heavens, baa been detennined with g;reat «xactness for 
the benefit of navigators. It is one of the stars from which the moon's distance is taken 
for determining the longitude at sea. Its situation is highly favorah'e for this purpose, 
IS it lies within the moon's path, and little more than 3* below the ear 'h*s orbit. 

Its right ascension being 199*, it will come to our meridian at 9 o'clock about the 28th 
>f May, in that point of the heavens where Uke sun is at noon about the 20th of October. 

] 63. Betaj called also Zavijava^ is a star of the 3d magni- 
tude, in the shoulder of the wing, 7^° W. of Eta, with which 
and Gamma it forms a line near the Earth's orbit, and parallel 
to it. Beta, Eta, Gamma and Spica, form the lower and longer 
side of a large spherical triangle whose vertex is in Beta. 

164. Vindemiatrixj is a star of the 3d magnitude, in the right 
arm, or northern wing of Yirgo, and is situated nearly in a 
straight line with, and midway between Coma Berenices and 
Spica Vurginis. It is 19^° S. W. of Arcturus, and about 
the same distance S. E. of Coma Berenices, and forms with these 
two a large triangle, pointing to the south. It bears also 18° 
S. S. E. of Denebola, and comes to the meridian about 23 
minutes before Spica Virginis. 

166. Zeta^ is a star of the 3d magnitude, ll^** N. of Spica, 
and very near the equinoctial. Gammas situated near the left 
side, is also a star of the 3d magnitude, and very near the equi- 
noctial. It is 13° due west of Zeta, with which and Spica it 
forms a handsome triangle. Eta, is a star of the 3d magnitudes 
■ji the southern wing, 5° W. of Gamma, and but 2^° E. of the 
autumnal equinox. 

The other stars in this figure may be easfly traced by means of the map. About 18' E 
of Spica, there are two stars of the 4th magnitude, 8* apart, which mark the foot of Virgo. 
These two stars are on nearly the same meridian with Arcturus, and culminate nearly 
at the same time. The lower one, marked Lambda^ is on the south, and but 8* W. of 
the principal star in Libra. Several other stars of the 8d magnitude lie scattered about 
in this constellation, and may be traced out by the map. 



eiiits? Diamond? 102. Length of Virgo? Breadth? How may Spica be known? 
Note in fine print? 168. Describe Beta? What triangle? 164. V.ndematris? 

\Q^. Zeta, Gamma and Eta ? What other stars and how found ? 
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*■ Her loTeljr tnm u glow with sUrry light ; 
Stan omament the bracelet on her hand ; 
Her Test In ample fold, glittan with ttara : 
Beneath her snowy feet they thine ; her eyes 
Uffaten, all glorioua, with the heavenly rayit 
Bttt>n( the star which orowna the golden aheaC** 

BISTORT. 

Aeeordlng to the aneient pMfe, this oonsteUation represent! the Yirgln Astnsa, Jus 
goddess of jvstlee, who Ured npon the earth daring the golden age ; bat being oiEuded 
at the wickedness and Impiety of mankind daring the braaen and iron ages of the world, 
she returned to heaven, and was plaoed among the constellations of the aodlac, with a 
l>air of scales (Libra) in one hand and a sword in the other. 

Hesiod, who floarished nearly a thoasand years before the birth of oar Savloar, and 
later writers, mention foar ages of the world ; the golden, the silver, the brasen, and the 
iron age. In the iMginning of things, say they, all men were happy, and all men were 
g(H>d ; the earth brought forth her firoits without the labor of man ; and cares, and 
wants, wars and dis e as es , were unknown. But this happy state t>f things did not last 
long. To the golden age, the silver age soeceeded ; to the silver the braien ; and to the 
brasen, the iron. Perpetoal spring no longer reigned; men continually quarreled with 
vachoiher; crime succeeded to crime ; ait'd blasphemy and murder stained the history 
of every day. In the golden age, the gods did not disdain to mix familiarly with the 
sons of men. The innocence, the integrity and brotherly love which they found among 
OS, were a pleasing spectacle even to saperior natures ; bat as mankind degenerated, 
one god after another deserted their late beloved haunts; Astr«a lingered the last; but 
Anding the earth steeped in haman gore, she herself flow away to the celestial regions. 

** Yicta jacet pietas ; et virgo csMle madentea 
Ultima ccelestum terras Astraaa reliquit.*' 

Uet. Ub. L V. 149. 

** Fidth fle^, and piety in exile mourns; 
And^utUoe here oppressM, to heaven returns." 

Some, however, maintain, that Brigone was changtti into the constellation Virgo. The 
death of her .aiher Icarus, an Athenian, who perished by the hands of some peasants, 
whom he ha^t intoxicated with wine, caused a fit of despair, in which Erigone hung her- 
self; and s) e was afterward, as it is said, placed among the signs of the lodiac. She 
was directed by her faithfUl dog Maera to the place where her father was slain. The 
first bough on which she hung herself breaking, she sought a stronger, in order to eflEect 
her purpose. 

**Thus once In Marathon's impervious wood, 
Xriffime beside her father stood. 
When hastening to discharge her pious vows. 
She loos'd the knot, and eull*d the strongest booghs.** 

Lawis* Sutitts, & xL 

The fiunons lodlac of Dendera, as we ha>e already noticed, commences with the sigi 
Leo ; but another sodiac, discovered among the ruins at Esne, In Egypt, commences with 
Virgo ; «nd from this circumstance, some have argued, that the regular precession of 
the equinoxes establislied a date to this at least 3U00 years trfder than that at Dendera. 
The discoveries of Champollton, however, render it probable that this ancient relic of 
astrology at Esne was erected during the rvign of the Emperor Claudias, and coase* 
quently did not precede the one at Dendera more than fourteen years. 

Of this, however, we may be certain : the autumnal equinox now corresponds with 
the first degree of Virgo; and, consequently, if we find a sodiac in which the summer 
solstice was placed where the autumnal equinox now is, that sodiac carries us back 90* 
on the ecliptic; this divided by the annual precision 501i(' most fix the date at about 
6460 years ago. This computation, according to the chronology of the Sacred writings, 
carries us back to the earliest ages of the human species on earth, and proves, at least, 
that astronomy was among tlie first studies of mankind. The most rational way of 
accounting for this lodiac, says Jamieson, is to ascribe it to the family of Noah; or per- 
haps to the patriarch himself, who constructed it for the benefit of those who should live 
after the deluge, and who preserved it as a monument to perpetuate the actual state of 
the heavens iurmediately subsequent to the creiUlbn. 



IlBiORT. — ^Account of tlte poets? Uesiod'sacoantf What other suppoaitioa^ WIa 
emltncs mentioned, and whi^ calculations, Ac. f 



CAN£S VENATlCi. ^^ 



TELESCOPIC OBJEGTSb 

1. a Vboins (JSipUsa) — ^A splendid star with a minute companion ; R. A. 18h. 16m. 47s 
l>ec. S. 10' 19' 5'. A 1, brilliant flushed white ; B 10, bluish tinge. 

2. P YrRniNis {^ZarijoH) — A bright star with a small companion ; R. A. lib. 42m. 228. 
Occ. N. •i'^ 4(r 0". A SHj pale yeUow ; B 11, light blue. 

8. y YiRQUiis— A fine bihart star in the Virgin's right side ; R. A. 12h. 83m. 88s. ; Dec. 
S. 0* 84' 3*. A 4, silvery white ; B 4, pale yellow. A Binary System with a period of 
about 157 years. Map. VUL Fig. 8. 

4. 6 YiRonriB — A star with a distant companion, on the left side, about 17* north-north- 
west of Spica, and nearly midway between y and e Virginis ; R. A. 12h. 47m. 98a. ; Dec. 
N. 4° 16' 1'. A 8^, golden yellow ; B 10)^, reddish ; several small stars in the field. 

5. e ViRGiBiB ( Vendemiatriee) — ^A star with a minute distant companion, on the upper 
extremity of the Virgin's left wing ; R. A. 12h. Mm. ISs. ; Dec. 11* 49' 08'. A 8H» bright 
yellow ; B 15, Intense blue. This last color on so small an otyect is very striking. 

• ' 6. A TRiPLB STAB in the lower part of the southern wing, 7* northwest of £^ica ; R. A. 
V8h. 01m. 40s. ; Dec. S. 4* 41' 0*. A 43$, pale white ; B 9, violet ; C 10, dusky. 

7. A LARGE, BUT RATHKR PALI HRBVLA, between ViTgo's left wing and Leo's tail ; R. A. 
I2h. 06m. 01s. ; Dec. N. 15* 47' 02*. About 6}i' from ^ Leonis, towards Arctnrus, on the 
outskirts of a vast region of Nebula in the Virgin's wing. It is elongated in the direction 
of two telescopic stars. 

S. A LONG PALR-WHiTK HRBULA, among teiescopio stars, on the upper part of the Vir- 
gin's left wing ; R. A. 12h. 07m. 87s. ; Dec. N. 14* 02' 08'. Situated one-third of the way 
from 3 Leonis to e Virginis, on the border of the vast nebulous region in Virgo. A 
curious olDiject in the shape of a weaver's shuttle. 

9. A LUCID wHm KLUpnCAL HEBULA, between the Vii^n's right elbow and the Crow ; 
R. A. 12h. 81m. 40s. ; Dec. 8. 10* 48' 07'. Map VIII., Fig. 45. 

10. A DOUBLB BBBULA in the center of Virgo's left wing ; R. A. 12h. 85m. 88s. ; Dec. N. 
12* 26' or. It is 6* west of Vendeniiatrix, toward Regulus, in a wonderful nebulous 
region. Map VIII., Fig. 46, shows it on the right, with two other nebulsB, and several 
stars in the figure. ^ 

11. A PALK ELLIPTICAL NEBULA, in the middle of the left wing; R. A. 12h. 44m. 60s., 
Dec. N. 12* 05' 09'. It looks like a paper kUe^ under an arch formed by three teiescopio 
stars. Map. VIII., Fig. 47. 

12. A woNDFRPUL ^rauLous RBOiov, about 2}i* from north to south, and 8* firom east to 
west, is found on the left wing. It includes several of the otgects described* For a 
arawing of this remarkable field, see Map VIII., Fig. 48. 



CANES VENATIOI (the oebthounds).— MAP IV. 

166. This moderu constellation, embracing two in one, was 
made by Hevelius ont of the unformed stars of the ancients 
which were scattered between Bootes on the east, and Ursa 
Major on the west, and between the handle of the Dipper on the 
north, and Coma Berenices on the so«th. 

These Hounds are represented on the celestial sphere as being in pursuit of the Great 
Bear, which Bootes is hunting round the pole of heaven, while he holds in his hand the 
leash by which they are fastened together. The northera one is called Asterionj and 
the southern one, Chara, . 



Telescopic OBjECTS.--AlphaT Beta? OammaT Delta? Epsilon? What triple star f 
Nebula? Point out on the map. 

166. Situation of Cones Venatici ? By whom formed? Uow represented 7 Names of 
*Jie hounds? 

4* 



h } ASTRONOMY. 

167. The stare in this group are considerably scattered, and 
are principallj of the 5th and 6th magnitudes ; of the twenty- 
five stare which it contains, there is but one sufficiently large to 
engage our attention. Cor Cardi or CharU£ Hearty so named 
by Sir Charles Scarborough, in memory of King Charles the 
First, is a star of the 3d magnitude, in the neck of Chara, the 
southern Hound. 

When on the merilian. Cor Caroli Is 17H* direcUy 8. of Alioth, the Uiird star in the 
hiiudle of the Dipper, and is so nearly on the same meridian that it culminates only one 
minute and a half ar*«r it. This occurs on the SOth of May. 

A line drawn from Cor Caali through Alioth will lead to the N. polar star. This star 
may also be readily distinguisned by its being in a straight line with, and midway between 
Benetnasch, the first star in the handle of the Dipper, and Coma Berenices ; and also by 
the fact tliat when Ci'r Caroli is on the meridian, DeneboU bears 28* 8. W. and Arctani» 
86* S. E. of it, forming with these two stars a very large triangle, whose vertex is at the 
north ; it is also at the northern extremity of the large Diamond already described. 

The remaining stars in this constellation are too small and too much scattered to excite 
our interest. 

TBLESGOPIO OBJECTS. 

1 A DOOBU STAR near Chara's mouth ; R. A. 18h. 08m. 06e. ; Dec. N. 41* 83' 01*. A 8, 
yellow ; B 9, blue. It is about 9* south of Cor Caroli, and one-third of the distance 
between that star and 6 Leonis. Map YIIL, Fig. lOi 

3. A MAonncaorr clobtbr, between the southern Hound atid the knee of Bootes ; R. A. 
18h. 84m. 45s. A splendid group, supposed to contain not less than 1,000 stars. Map 
VIII., Fig. 49. 

8. A PAU or LUCID wBrra hbbuub, near the ear of the northern Hound : R. A. 18h. S8m. 
06s. ; Dec. N. 48' 01' 07*. 

4. A ukaoB aauHT vkbula, 83<* north by west of Cor Caroli ; R. A. 12h. 4Sm. 22b. ; Dec 
N. 41* fi9' 07'. Amt pale-white otgect, compressed toward the center, and with severaJ 
siuall stars in the field. 



CHAPTER YIII. . 

CONSTELLATIONS ON THE MERIDIAN IN JUNE 

BOOTES (the BEAR driveb).— MAP IV, 

168. The Bkar-Driver is represented by the figure of «i hunts- 
man in a running posture, grasping a club in his right hand, and 
holding up in his left the leash of his two greyhounds, Asterion. 
and Chara, with which he seems to be pursuing the Great Bear 
round the pole of the heavens. He is thence called Arcto- 
phylax, or the " Bear-Driver." 

167. Describe the stars in this gronpf Cor Caroli? 

TsLUOOPio Objbcts. — ^What double star ? Show on the map f Clusters f Point out ou 
(he map ? Nebulse ? 
U>3. Describe Bootes? Why called the Bear-Driver T 
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169. This constellation is situated between Corona Borealis 
on the east, aad Cor Caroli, or the Greyhounds, on the west. 
It contains fifty-four stars, including one of the 1st magnitude, 
seven of the 3d, and ten of the 4th. Its mean declination is 20" 
X., and its mean right ascension is 212^* ; its center is there- 
fore on the meridian the 9th of June. It may be easily distin- 
guished by the position and splendor of its principle star, Aro- 
tiirusj which shines with a reddish luster, very much resembling 
that of the planet Mars. 

170. Ardurus is a star of the 1st magnitude, situated near 
the left knee, 26° S. E. of Cor Caroli and Coma Berenices, with 
which it forms an elongated triangle, whose vertex is at Arc 
turns. It is 35^° E. of Denebola, and nearly as far N. of Spica 
Virginis, and forms with these two, as has already been observed, 
a large equilateral triangle. It also makes, with Cor Caroli and 
Denebola, a large triangle whose vertex is in Cor CarolL 

A great variety of geometrical figures may be formed of the stars in this bright region 
of the skies. For example : Oor Oaroli on the N., and Spica Virginis on the S., constitute 
the extreme points of a very large figure in the shape of a diamond ; while Denebola on 
the W. and Arcturus on the EL, limit the mean diameter at the other points. 

171. Arcturus is supposed by some to be nearer the Earth 
than any other star in the northern hemisphere. 

Five or six degrees S. W. of Arcturus are three stars of the 8d and 4th magnitudes, 
lying in a curved line, about 2** apart, and a little below the left Icnee of Bootes ; and 
about T E. of Arcturus are three or four other stars of similar magnitude, situated in 
the other leg, making a larger curve N. and 8. 

172. MiraCy in the girdle, is a star of the 3d magnitude, 10° 
N. N. E. of Arcturus, and about 11^° W. of Alphacca, a star in 
the Northern Crown. Seginus, in the west shoulder, is a star 
of the 3d magnitude, nearly 20° E. of Cor Caroli, and about the 
same distance N. of Arcturus, and forms with these two, a right- 
angled triangle, the right angle being at Seginus. The same 
star forms a right-angled triangle with Cor Caroli and Alioth, 
in Ursa Major, the right angle being at Cor Caroli. 

173. AlkaturopSf situated in the top of the club, is a star of 
the 4th magnitude, about 10^° in an easterly direction from 
Seginus, which lies in the left shoulder ; and about 4^° S. of 
Alkaturops is another star of the 4th magnitude, in the club, 
near the east shoulder, marked Delta, Delta is about 9^ dis- 
tant from Mirac, and 7^" from Alphacca, and forms, with these 
two, a regular triangle. 

169. How situated? How many stars, and their magnitude ? Declination? How dis- 
tinguished ? 170. Describe Arcturus, and its position ? What triangles ? What dla- 
nond? 171. Supposed nearness of Arcturus? 172. Describe Mirac and Seginus? 
'Vhat triangles? 178. Situation an<l magnitude of Alkaturops? Of Dt>ltH? 
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It 4. Ntkkar is a Rtar of the 3d ina;^nitade, situated in the 
head, and is about 6"" N. E. of Seginus, and 5 ' W. of Alkatu- 
rops ; it forms, with Delta and Seginus, nearly a right angled 
triangle, the right angle being at Nekar. 

These are the principal stara in thta consieUation, except Uw three stars &f the 4tU 
ntagnitnde situated in the right hand. These stars may be known by two of them being 
cluse tofether, and aboat 6* beyond Benetnasch, the flrrt star in the haniUe of the Dii*- 
p<rr. About 6* I. of Benetnasch is another star of the 4th magnitude, situated in the 
arm which forms, with Benetnasch and the three in the hand, an equilateral triangle. 

175. The three stars in the left hand of Bootes, the first in 
the handle of the Dipper, Cor Caroli, Coma Berenices, and 
Denebola, are all situated nearly in the same right line, romiisg 
from northeast to southwest. 

•* Bootes foUowa with redundant light; 
Fifiilffimr stars he boasts; one guards the Bear, 
Thence eali'd ArtimnUy of resplendent front. 
The pride of the.;ln< order: eight are Tdl'd, 
InTisible to the unaided eye.** 

Maniljus thns speaks of this constellation : — 

** And next KAotes comeSt whose order'd beami 
Present a figure driving of his teams. 
Below his gbdle, near his knees, he bears 
The bright Ardumt^ fairest of tlie stars." 

115. Arcturus is mentioned by name in that beautiful passage 
in Job, already referred to, where the Almighty answers *'out 
of the whirlwind," and says : — 

M Canst thou the sky*s benevolence restrain. 
And cause the Pleiades to shine in Tain? 
Or, when Orion sparkles fr<Mn bis sphere, 
Thaw the cold seasons and unbind the year f 
Bid Maaarotn his w<mted station know. 
And teach the bngut Aretnwut where to ^owr** 

YoungU Paraphrtue. 

HISTORY. 

The ancient Greeks called this constellation Lyeaon— a name derired from Xvicck, 
which signifies a vnlf. The Hebrews called it Caleb AmubaeHk, the ** Barking Dog;** 
while the Latins, among other names, called it CanU. If we go back to the time when 
Taurus opened the year, and when Viigo was the fifth of the aodiaeal sipis, we shall 
find that brilliant star Arcturus, so remarkable for ita red and fiery appearance, corres- 
ponding with a period of the year as remarkable for it!f heat. Pythagoras, who intro- 
duced tiie true system of the universe into Greece, received it firom CBuuphis, a priest of 
On, in E^^^ ^^'^ ^^ college of the priesthood was the noblest of the east, in cultivat- 
ing the studies of philosophy and astronomy. Among the high honors which Pharaoh 
conferred on Joseph, he very wisely gave him in marriage " a daughter of the priest of 
On.** The supposed era of the book of Job, in which Arciurua is repeatedly mentioned, 
U 1618 B. 0. 

Bootes is supposed by some to be Icarus, the father of Erigone, who was killed by 
shepherds for intoxicating them. Others maintain that it is Erichthonius, ttie inventor 
of chariots. Ac-cording to Grecian fable, as well as later authorities, Bootes was the son 
of Jupiter and Calisto, and named Areas. Ovid relates, that Juno, being incensed at 
Jupiter for his partiality to Calisto, changed her intu a bear, and that her son Areas, who 
became a famous hunter, one day roused a bear in the chase, and not knowing that it 



174. Of Nekkarf Any other stars f 175. What said of three stars in the hand of 
Bootes? 176. What star in Bootes mentioned in the Scriptures f Poetic quotation f 
HI9T0BT. — Greek name of this constellation f Hebrew ? Grecian fable f Ovid*" 
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«» as his mother, waa aboat to kill her, when Japlter snatched them b^th up to heavoD 
-a-Ad placed then among the constellations. Met. b. ii. v. 496-508. 

** But now her son had fifteen summers told, 
Fierce at the chase, and in the forest bold ; 
When as he beat the woods in quest of prey, 
He chanced to rouse his mother where she lay. 
She knew her son, and kept him In her sight, 
And fondly gazed : the boy was in a fright. 
And aim*d a pointed arrow at her breast ; 
And would have slain his mother in the beast : 
Bixt Jove forbade, and snatch'd them through the air 
In whirlwinds up to heaven, and fix'd 'em there ; 
Where the new constellations nightly rise, 
And add a luster to the northern skies." 

GarW§ TranakMtm, 
LncAN, in his PhartaJiaj says — 

** That Brutus, on the busy times intent. 
To virtuous Oato's humble dwelling went, 
Twas when the solemn dead of night came on, 
When bright OalietOf toUhhsr Aimnfftont 
Now half that circle round the pole had run.** 

This constellation is called Bootes^ says Cicero {KcA. Deo. JJSb, ii. 42), firom a Oreik 
word signifying a wagoner, or ploughman ; and sometimes Aretoph/yUtst firom two Grcuk 
words signifying bear-keeper or bear-driver. 

** Arctophylaz, vnlgo qui dicitur esse Bootes, 
Quod quasi temone ac^unctnm pr» se quatit Arctam.** 

The stars in this region of the skies seem to have attracted the admiratton of almoet 
nil the eminent writers of antiquity. Olaudian observes, that 

** Bootes with his wain the north unfolds ; 
The southern gate Orion holds.** 

And Aratns, who flourished nearly 800 yean before Olaudian, aajB| 

» Behind, and seeming to urge on the Bear, 
A^ctophylax, on earth Bootes named. 
Sheds o*er the Arctic car his silver Ught.** 

This is the poet whom St. Paul refers to when he tells the Athenians, Acts xviL 28, that 
**some of tlieir own poets have said, *Tov yap KiLi ytvos edfiev :* For we are also 
his offspring.** These words are the beginning of the oth line of the " Phenomena '* of 
Aratus, a celebrated Greek poem written in the reign of Ptolemy Phlladelphus, two 
thousand one hundred years ago, and afterward translated into Latin verse by Oicero. 
Aratus was a poet of St. Paul's own country. The apostle borrows again firom the same 
poet, both in his Epistle to the Galatians, and to Titus. The mibjeci of the poem was 
grand and interesting : hence we find it referred to in the writings of St. Olement, St. 
Jerome, St. Clurysostom, (Ecumenius, and others. As this poem describes the nature and 
motions of the stars, and the origin of flie constellations, and is, moreover, one of the 
oldest compositions extant upon this interesting subtject, the author has taken some 
oains to procure a Polyglot copy from Oermanf/^ together with the AstrononUcon of 
Manilius, and some other works of similar antiquity, that nothing should be wanting on 
his part which could impart an interest to the study of the constellations, or illustrate 
the frequent allusions to them which we meet with in the Scriptures. 

Dr. Doddridge says of the above quotation, that ** these words arc well known to be 
found in Aratus, a poet of Paul's own country, who lived almost 800 years before the 
apostle's time ; and that the same words, with the alteration of onlv one letter, are to 
be found in the ^/mn of deanthes^ to Jupiter, the Stmrmne God; which is, beyond 
comparison, the purest and finest piece of natural rMgion^ of its length, which I know 
In the whole wor'd of Pag^n antiquity ; and which, so far as I can recollect, contains 
nothing unworthy of a Ohristian, or, I had almost said, of an inspired pen. The apostle 
might perhaps refer to Cleanthes^ as well as to his countryman Aratus.** 

Many of the elements and fables of heathen mythology are so blended with the 

account? Lucan and Cicero? Claudian? Aratus? Who was Aratus? What remark 
able quotation ? Remark of Doddridge ? What other passitge cited by St. Paul ? flrooD 
4-hom? 
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In«pir«d writtnfri, that th«y most needs be studied, more or leas, in order to have •» aior«> 
pro|Hrr oDderstiiiiding of numerous passages both in the Old and New Testament. 

The great apostle of the Gentiles, in uttering his inspired sentimentSf and in penning 
his epiatles, often refers to and sometimes quotes verbatim from the distinguished writers 
wb4' preceded him. 

Thu^ in 1 Cor. xt. 88, we have ** M7 vXavasBe ' * ^Qeipovatv riSij XPV<^ ofiiAtfu 
KQKai.* Be not deceived; evil communications corrupt good manners;" which is a 
1ter«l quotation by the apostle from tlie Thais of Menander, an inventor of Greek 
corae«i]r, and a celebrated Athenian poet, who flourished nearly 400 years before the 
.^pustle wrote his epistle to the Corinthians. Thus Paul adopts the sentiment of the 
;oiiirdiaii, aod it becomes hallowed by ** the divinity that stirred within him." Tertul- 
•ian remarks, that ** in quoting this, the apostle hath sanctified the poet*s sentiment." 



TKI.ESC0P1C OBJECTS. 

I. a Boons {Areturu»y—A docbls btae ; R. A. 14h. 08m. 228. ; Dec. N. 20* 00' 9*. A 1, 
«eddish yellow ; B 11, lilac. 

S. 3 BodTO (A'Jbbar)— A star with a distant companion in the head of the figure ; R. A*. 
I4h. Km. 5&S. ; Dec. N. 41* 01* 5*. A 8, golden yellow : B 11, pale grey. 

8. (f Boons— A star with a distant companion in the left shoulder ; R. A . ISh. 09m. OSs^ 
Dec. N. S3* M* 9*. A 8 H, P*le yeUow ; B 8H« Ught blue. 

4. e Boons (iTirac)— A doubi^ stak in the left hip ; R. A. 14h. 88m. OOa. ; Dec. N. 27° 
iS' 1'. A 8, pale orange ; B 7, sea green. A lovely ol^ect— colors distinct, and strongly 
contrasted. 

5. C Boons— A close dociili stas on the left leg ; R. A. 14h. 88m. 8l8. ; Dec. N. 14* 2%5 
1'. A 83i, bright white ; B 4H, bluish white. 

C n Bodns {MttfHde) — A star with a distant companion on the right leg ; R. A. ISli. 
47m. 04s. ; Dec. N. 19* 12' 0'. About &3i* west by south of Arcturus. A 8, pale yeUow ; 
B 103i, Ulac. 

7. I Boons— A dbucatb tutls stab in the right hand (Map YL) ; R A. 14h. 10m. SOs.; 
Dec. N. 52* 06' 4'. A and B 4^, pale yellow ; C 3, creamy white. 

8. ^ Boons— A bihart stab on the left knee; R A. 14b. 44m. OOs. ; Dec. N. 19* 46' V 
A 8H1 orange ; B 634, purple. Supposed period 400 years. 

9. A BiCH GBOUP of stars in the vicinity of Arctorus, and surrounding that star. Maj 
be seen with small telescopes. Map VIIL, Fig. 50. 

10. A PALB WHiTB BBBmji In a nebulous field, 5* north northeast of AUeaid ; R. A. 
idh. 57m. 81s. ; Dec. N. 55* 08' 8'. About 5* southeast of Miaar. A difficult object 
except with a good instrument. 

II. A WHITB BOTOD HBBCLA near the right shoidder ; R A. 14h. 11m. 44s. ; Dec. N. S7* 
14' 4'. Pale, except at the center— tdescopic stars in the field. 

NOOTA (the owl).— map IV. 

17t. This small asterism is situated between the feet of Virgo, 
on the north, and the tail of Hydra, on the sonth. It has but few 
stars, and 4;hose only of the 5ih and 6th magnitudes. It is often 
omitted altogether from the constellations. 



OENTAURUS (the centaur).— MAP IV. AND VII. 

178. This fabulons monster is represented by the figure of & 
man, terminating in the body of a horse, holding a wolf at «rm't 

TBLsaooncOBjBCTS.— Alpha? Beta' Delta? Epsilonf Zetaf Eta? Iota? Xif 
What rich groapT Point oot on the nuip. Whatnebulsaf « 

177. Describe Nocta, its situation, stars, Ac 
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length in one hand, while he transfixes its body with a spear in 
the other. 

Although this constellation occupies* a large space iu ihe 
sonthern hemisphere, yet it is so low down that the main part 
ot it cannot be seen in our latitude. It is situated south of 
Spica Yirginis, with a mean declination of 60°. It contains 
thirty-five stars, including two of the 1st magnitude, one of the 
2d, and six of the 3d ; the brightest of which are not visible in 
the United States. 

179. Thita is a star of between the 2d and 3d magnitude, in 
the east shoulder, and may be seen from this latitude, during the 
month of June, being about 21° S. by E. from Spica Yirginis, 
and 12° or 13° above the southern horizon. It is easily recog- 
nized in a clear evening, from the circumstance that there is no 
other star of similar brightness in the same region, for which it 
can be mistaken. It is so nearly on the same meridian with 
Arc turns that it culminates but ten minutes before it. 

/oto is a star of between the 4th and 5th magnitude, tn the west shoulder, 93tf* W. of 
Theta. It is about 26" almost directly south of Spica Virginis, and is on the meridian 
nearly at the same time. 

Mu and Nu are stars of the 4th magnitude, in the breast, very near together, and form 
a regular triangle with the two stars in the shoulders. 

A few degrees north of the two stars in the shoulders, are four small stars in the head. 
The relative position of the stars in the head and shoulders is very similar to that of the 
stars in the head and shoulders of Orion. 

HISTORY. 

Centaurs, in mythology, were a kind of fabulous monsters, half men and half horses 
This fable is, hi wever, differently interpreted ; some suppose the Centaurs to have been 
a body of shepherds and herdsmen, rich in cattle, who inhabited the mountains of Arca- 
dia, and to whom is attributed the invention of pastoral poetry. But Plutarch and Pliny 
are of opinion that such monsters have really existed. Others say, that under the reign 
of Ixion, king of Thessaly, a herd of bulls ran mad, and ravaged the whole country, 
rendering the mountains inaccessible ; and that some young men, who had found the art 
of taming and mounting horses, undertook to expel these noxious animals, which they 
pursued on horseback, and thence obtained the appellation of 6Vn<at»r«. 

This success rendering them insolent, they insulted the Lapithie, a people of Thessaly ; 
and because, when attacked, they fled with great rapidity, it was supposed that they 
were half horses and half men ; men on horses being at that period a very uncommon 
^igbt, and the two appearing, especially at a distance, to constitute but one animal. So 
the Spanish cavalry at first seemed to the astonished Mexicans, who imagined the horse 
nnd his rider, like the Centaurs of the ancients, to be some monstrooa animal of a ter- 
rible form. 

The Centaurs, in reality, were a tribe of Lapithse, who resided near Mount Pelion, ami 
irpt invented the art of breaking horses, as intimated by Virgil. 

** The Lapithss to chariots add the state 
Of bits and bridles ; taught the steed to bound 
To turn the ring, and trace the mazy ground ; 
To stop, to fly, the rules of war to know ; 
To obey the rider, and to dare the foe.'* 

Gentaurus la so low down in the south that it would be of no service to describe its tele 
scopic otjects. 



178. How is Centaorus represented f Its situation ? Numberof stars, As.? 1T9. Thetn 
lota, Mu, Nu, Ac? 
"isTOKT. — ^What was Gentaurus ? Different opinions ? 
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LUPUS (the wolf).— maps V. AND VH. 

180. This constellation is situated next east of the Centaar, 
and south of Libra ; and is so low down in the southern hemi- 
sphere, that only a few stars in the group are visible to us. It 
contains twenty-four stars, including three of the 3d magnitude, 
and as many of the 4th ; the brightest of which, when on the 
meridian, may be seen in a clear evening, just above the southern 
horizon. Their particular situation, however, will be better 
traced out by reference to the map than by written directions. 

The most favorable time for observing this constellatiou i? 
toward the latter end of June. 

HISTORY. *" 

TMs eonatellatioo, according to fiible, is I^ycaon, king of Areadia, who tired aboatdGUO 
years ago, and was changed into a wolf by Jupiter, because he offered human victims on 
the altars of the god Pan. Some attribute this metamorphosis to another cause. The 
■ins of mankind, as they relate, had become so enormous, that Jupiter visited the earth 
to punish its wickedness and impie^. He came to Arcadia, where he was announced as 
a god, and the pe<n>le began to pay proper adoration to his divini^. Lycaon, however, 
who used to sacrifice all strangers to bis wanton cruelty, laughed at the pious prayers 
of his sul^ects, and to try the divinity of the god, served up human flesh on his table. 
This impiety so offended Jupiter, that he immediately destroyed the house of I^caon. 
and changed him into a wolf. 

** Of these he murders one ; he boils the flesh, 
And lays the mangled morsels in a dish ; 
Some part he roasts ; then serves it up so dreasM, 
And bids me welcome to his human feast. 
Moved with disdain, the table I o'erturned. 
And with avenging flames the palace bom*d. 
Tlie tyrant in a fright for shelter gains 
The neighboring fields, and scours along the plains : 
Howling he fled, and fain he would have spoke. 
But human voice his brutal tongue forsook. 
His mantle, now his hide, with rugged hairs, 
Oleaves to his back : a famished face he bean ; 
His arms descend, his shoulders sink away 
To multiply his legs for chase of prey : 
He grows a mAV-^Omd. 3M. B. L 

TBLBSCOPIO OBJECTS. 

1. a LuPi^A star with a distant companion, in the tail of Lupus ; R. A. 6h %ka. 
iOa. ; Deo. 8. IT* M' 6'. A 83tf , pale yellow ; B 9)^, grey. To find, draw a line from e 
the central star of Orion's belt, through 6 and its nebulous patch on the sword, as low 
down, and Sirius, and you meet a Lnpi. 

9. Ldpi— A DOUBLB STAR ; R. A. Sh. Sim. iSs. ; Dec. S. SO* 58' 5*. A *^ deep yel- 
low ; B 11, blue. 

8. y LuPi— A wide triplb star in a barren field ; R. A. 5h. 87m. 48s. ; Dec 2£* 
80' 8'. A 4, light yellow ; B 6)$, pale gre^^n ; C 18, dusky. A line from 6 Orionis through 
the seoond cluster, and carried 16* beyond, falls upon it. 

4. A bright stjkllar krbula, of a milky white' tinge ; R. A. 5h. 17m. SOs. Dec 8. 24* 
89' 9*. A fine otyect biasing towards the centre. 



180. Situation of Lupus? Nuxabtfr and magnitude of its stars ? Best time to observe f 
HisTOBT. — ^What wasl^pus oiiginally? Wliy changed and by whom? Desoribei bv 
vhat poet? 
TaLBSOOPioOBjrtTS. — Alpha? Beta? Gamma? WhatNebulu? 
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LIBRA (the scales).— map IV. AND V. 

181. This is the seventh sign, and eighth constellation, horn 
the Ternal equinox, and is situated in the Zodiac, next east of 
Virgo. 

The sun enters this sign, at the autumnal equinox, on the 23d 
of September ; but does not reach the consteUaHon before the 
2Uh of October. When the sun enters the sign Libra, the 
days and nights are equal all over the world, and seem to 
observe a kind of equilibrium, like a balance. 

When, however, It is said that the yernal and autumnal e<iainoxea are In Ariel and 
Libra, and the tropics in Cancer and Capricorn, it. must be remembered that the HQns 
Aries and Libra, Cancer and Capricorn, and not the constellations of these names, are 
meant : for the equinoxes are now in the constellations Pisces and Virgo, and the tropics 
in Oemini and Sagittarius ; ecuih conaUUaUon hoAoing gone fonoaurd ofM tiign in iht 

About 22 centuries ago, the c&ruteUaUon Libra coincided with the tdgn Libra ; but 
baring advanced 80* or more in the ecliptic, it is now in the siffn Scorpio, and the con- 
stellation Scorpio is in the sign Sagittarius, and so on. 

WhUe Aries is now advanced a whole sign above the equinoctial point into north decli- 
aation. Libra has descended as far below it into south declination. 

182. Libra contains fifty-one stars, including two of the 2d 
.laagnitnde, two of the 3d, and twelve of the 4th. Its mean 
declination is 8° south, and its mean right ascension 226°. Its 
center is therefore on the meridian about the 22d of June. 

It may be known by means of its four principal stars, forming 
a quadrilateral figure, lying northeast and southwest, and 
having its upper and lower corners nearly in a line running north 
and south. The two stars which form the N. E. side of the 
square, are situated about 7° apart, and distinguish the N^hern 
Scale. The two stars wliich form the S. W. side of the square 
are situated about 6° apart, and distinguish the Southern Scale. 

Zubeneschamalit in the Southern Scale, about 21* E. of Spica, and 8* B. of Lambda 
Virginis, is a star of the 2d magnitude, and is situated very near the ecliptic, about 4Si}i* 
E. of the autumnal equinox. The distance from this star down to Theta Centauri is 
about 28*, with which, and Spica Virginis, it forms a large triangle, on the right. 

Zitbenelgenuibi^ the uppermost star in the Northern Scale, is also of the 2d magnitude, 
SH' above Zubenescbamali, toward the northeast, and it comes to the meridian about 
twenty-six minutes after it, on the 28d of June. Zubenelgemabi is the northernmost of 
the four bright stars in this figure, and is exactly opposite the lower one, which is 11' 
south of it. 

ZubenhakraM is a star of the 8d magnitude in the Northern Scale, 7* S. B. of Zubenel- 
gemabi, and nearly opposite to Zubenescbamali, at the distance of 11* on the east. 
These two make the diagonal of the square east and west. 

Iota is a star of the 4th magnitude, and constitutes the souf emmost comer of the 
square. It is about 6* S. £. of Zubenescbamali, and 11* S. of Zuoenelgemabi, with which 
it forms the other diagonal north and south. 

ZebenelgtUd is a star of the 8d magnitude, situated below Uie Southern Scale, at the 



181. Order and situation of Libra? What circumstance suggesting a baiancef What 
remarks respecting the distinction between the signs and the constellations f 1^. Num* 
ber of stars in Libra? Its mean declination? Right ascension? When on the mer** 
dian? Howmay it beknown? Describe the four stars. Closing remarks ? 
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dlntance of 6* from loUi, ami marks the southern limit of the Zodiac. It Is situated In u 
right line with, and nearly roiMway between Spica Virginis and Beta Scorpionis : and 
eomes to the meridian nearly at the same moment wfth Nelclcar, in the head of Boutes. 

The remaining btars in thk constellation are too small to engage attention. 

The scliolar, in tracing oat this constellation in the heavens, will perceive that Lambda 
and Mu, which lie in the feet of Virgo on the west, form, with Zubeneschamall and 
Zuiienelgemabl, almost m handsome and perfect a figure, as the other two stars in the 
Balance do on the east. 

BISTORT. 

Tirgo was the goddess of Justice, and Libra, the scales, which she is usually repre- 
sented as holding in her left liand, are the appropriate emblem of her office. 

The Libra of the Zodiac, says Maurice, in his Indian Antiquities, is perpetually seen 
upon all the hieroglyphics of Egypt ; which is at once an argument of the great antiquity 
of this asterism, and of the probabiU.y of its having ueen originally fabricated by the 
astronomical sons of Misraim. In some few sodiacs, AstrscA, or the virgin who holds the 
balance in her hand as an emblem of equal Justice, is not drawn. Such are the lodiacs 
of Esne and Dendera. Humboldt is of opinion, that although the Romans In^odnced 
*hi8 constellation into their sodiao in the reign of Julius Csesar, still it might have been 
used by the Egyptians and other natfons of very remote antiquity. 

It is generally supposed that the figure of the balance has been used by all nations to 
denote the equality of the days and nights, at the period of the 8iin*s arriving at this 
sign. It has also been observed, that at this season there is a greater uniformity in tb<* 
temperature of the air all over the earth^s surface. 

Others affirm, that the beatn only of the balance was at first placed among the stars, 
and that the Egrptians thus honored It as their KiUtmeUr^ or instrument by which they 
measured the inundations of the Nile. To this custom of measuring the waters of thie 
Kile, it is thought the prophet alludes, when he describes the Almighty as measurintf 
Uie waters in Vie koUow ofhi» liand. — Isa. xl. 12. 

The ancient husbandmen, according to Virgil, were wont to regard this sign as indi 
t%tlng the proper time for sowing their winter grain : — 

** But when Astrsea^s balance, hung on high. 
Betwixt the nights and days divides the sky, 
Then yoke your oxen, sow your winter grain. 
Till cold December comes with driving rain.** 

The Greeks declare that the balance was placed among the stars to perpetuate the 
memory of Mochus, the inventor of weights and measures. 

Those who refer the consteUations of the Zodiac to the twelve tribes of Israel ascribe* 
the Balance to Asher. 

TELESCOPIO OBJECTS. 

1. a LiBRiB— A wide docblb stab; R. A. I4h. 42m. 02s. ; Dee. S. 15* 22' 8*. A 8, pal ^ 
yeilow; B 6, light grey. Carry a line from Arcturus to Spica; and from thence a rect- 
angular one about 22* to the eastward. 

2. ^ LiBRiB— A loose doublb stab; R. A. 15h. 06m. 24s. ; Dec. S. 8* 47' 4*. A 23$, pale 
emerald ; B 12, light blue. 

•3. ^ LiBRiB — A fine tkiplb stab, between Libra and the right leg of Ophluchas, Ifi* from 
Antares, towards Scrpentis; R. A. 15h. 66m. 858.; Dec. S. 10* 66' 6'. A 4^, bright 
white ; B 5, pale yellow ; C 7^, grey. Map VUI., Fig. 11. 

4. A CLOSB CLUSTER, over the beam of the Scales ; R. A. I5h. 10m. 26s. ; Dec. N. 2* 41 ' 8*. 
A superb object, with a bright central blase, and outlines in all directions. Map IX., 
Fig. 51. Appears nebulous through small instruments. 

5. A LABQK ooMPRBSSBD CLUSTER of minuto stars ; R. A. 16h. 08m. 068. ; Dec. 8. 20* 26' 7*. 
Faint and pale. 

Hi8T0RT.--Who was Virgo, Ac? Remark of Maurice t What general sapposlti<mf 
Xhat other explanations? 
S'jsLBioopic Objbgtb.— Alpha r Beta? What triple star? Mapt Clustet • and Map F 
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SERPENS (thb serpent).— plate Y. 

183. There are no less than four kinds of serpents placed 
among the constellations. The first is the Hydra, which is sita-^ 
ated south of the Zodiac, below Caacer, Leo and Virgo ; the ' 
(^ocond is Hydras, which is situated near the south pole; the 
tliird is Draco, which is situated about the north pole ; and the 
fourth is the serpent called Serpens Ophiuchi, and is situated 
chiefly between Libra and Corona Borealis. A large part of 
this constellation, however, is so blended with Ophiuchus, the 
Serpent-Bearer, who grasps it in both hands, that the concluding 
description of it will be deferred until we come to that constel- 
lution. 

** The Serperu Ophiuchi winds his spire 
Immense : fewer by ten hia figure trace : 
One of the second rank ; ten shan the sight ; 
And seven, he who bears the monster hides." 

184. Those stars which lie scattered along for about 25°, in a 
serpentine direction between Libra and the Crown, mark the 
body and head of the Serpent. 

About 10° directly S. of the Crown there are three stars of 
the 3d magnitude, which, with several smaller ones, distinguish 
the head. 

185. UnvJCf of the 2d magnitude, is the principal star in this 
constellation. It is situated in the heart, about 10° below those 
in the head, and may be known by its being in a line with, and 
between, two stars of the 3d magnitude — the lower one, marked 
Epsilon^ being 2^°, and the upper one, marked Deltas about 5^° 
from it. The direction of this line is N. N. W. and S. S. E 
Unuk may otherwise be known by means of a small star, just 
above it, marked Lambda. 

In that part of the Serpent which lies between Corona Borealis and the Scales, about 
a dozen stars may be counted, of which five or six are conspicuous. 
For the remainder of this constellation, the student is referred to Serpentarius 

^' Vast as the starry Serpent, that on high 
Tracks the clear ether, and divides the sky, 
And southward winding from the Northern Wain. 
Shoots to remoter spheres its glittering train.*' ^-tSVoMiM. 

HISTORY. 

The Hivites, of the Old Testament, were worshipers of the Serpent, and were called 
OphUes. The idolatry of these Ophites was extremely ancient, and was connected with 

188. How many serpents among the constellations? Describe each. Which here 
referred to? Is it fully described ? 184. What stars mark the body and head ? 185. 
Name the principal star. Where situated and how known ? 

HiSTOBi —What said of the Hivites? Tradition respecting Ophiuchus? Supposed 
&:7ipture reference? 



9i ASTRONOMY. 

BabHitm^ < r the worsbfp of the host of heaven. The here«j of the OpLiiteSj mentiaDed 
by Mosheim, In bis Ecclesiastical U^fltory, originated, perhaps, in the aidmission into the 
Christian church of some remnant of the ancient and popular sect of Sabeists, who 
adored the celestial Serpent. 

According to ancient tradition, Ophinchas is the celebrated physician .fiscolapias, son 
of Apollo, who was instructed in the healing art by Chiron the Centaur; and the ser- 
pent, which is here placed in his hands, is understood by some to be an emblem of his 
sagacity and prudence ; while others suppose it was designed to denote his skill in heal- 
ing the bite or this reptile. Biblleal critics imagine that this constellation is alluded to 
in the following passage of tiie boolE of Job : — 

" By his spiiit He hath garnished the Heavens ; his hand hath formed the croolEed ser- 
pent." Mr. Oreen supposes, however, that the inspired writer here refers to Draco 
because it is a more obvioos constellation, being nearer the pole where the constellation, 
were more universally noticed ; and moreover, becaose it is a more ancient constellation 
than the Serpent, and the hieroglyphie by which the Egyptians usoally represented the 
heavens. 

TKLE8C0PI0 OBJECTS. 

1. a SBRpnrm ( Vfyuky^k star with a mlnnte companion on the heart of the Serpent; 
R. A. 16h. 86m. SSs. ; Deo. N. 6* 6G' 9*. A 8Ht pale yellow ; B Ifi, fine bine. An extremely 
delicate ok(}ect. 

2. ti BiBPniTm— A delicate ooubu stak in tiie Serpent's under Jaw; B. A. 15h. 88m. 
48s. ; Dec. N. 15* 05' 7*. A 83<, and B 10, both pale blue. 

8. 6 SxBPKHTi»— An elegant doubli stab in the bend of the neck ; R. A. 16h. 27m. lOs. ; 
Dec. N. 11* 04' 7'. A 8, bright white ; B 5, bluish white. A fine ofctject, about 5' N. W. 
of Unak. 

4. fi Sbbpkhtis — A star with a minute companion in the Serpent's body, nearly midway 
between fj Ophiuchi and a Aquilss ; R. A. 18h. 18m. 08s. ; Dec 8. 2* 56' 0*. A 4, golden 
yellow ; B 18, pale lilac. A delicate and difficult ol^ect. 

5. V Sbrpkntis— A wide doubls btab in the middle of the Serpent, 4* northeast of 17 • 
R. A. 17h. 11m. 49s. ; Dec. S. 18* 40' 7'* A 434, pale sea-green ; B 9, lilac, with a third 
star in the field. 

6. A delicate doubu stak • R. A. 15h. Urn. 08s. ; Dec. N. 8* 22' 6'. A 534. pale yellow 
B 1034, light grey. Look 9* southwest of a Serpentis, 84* southeast of Arctorus. 



CORONA BOREALIS (the northebn orown).— MAP V. 

186. This beaatiful constellation may be easily known by 
means of its six principal stars, which are so placed as to form 
a circular figure, very mach resembling a wreath or crown. It 
is situated directly north of the Serpent's head, between Bootes 
on the west, and Hercules on the east. 

This asterism was known to the Hebrews by the name of AtaroO^ and by this nauK 
the stars in Corona Borealis are called, in the East, to this day. 

181. Alphacca, of the 2d magnitude, is the brightest and 
middle star in the diadem, and about 11° E. of Mirac, in Bootes. 
It is very readily distinguished from the others both on account 
of its position and superior brilliancy. Alphacca, Arcturus, and 
Seginus, form nearly an isosceles triangle, the vertex of which is 
at Arcturus. 



Tklbsoopio Objvgts. — ^Alphaf Beta? Delta? Eta? Nu? &c. 
186. How may Corona Borealis be known? Where situated? Its Hebrew namrr 
l87. Describe Alphacca? How distinguished? What tiiangle ? 
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188. This constellation contains twenty-one stars, of which 
only six or eight are conspicnoas ; and most of these are not 
larger than the 3d magnitude. Its mean declination is 30° 
north, and its mean right ascension 235°; its center is therefore 
on the meridian about the last of Jane, and the first of Jnly. 

** And, near to IleUes, efltalgent rajs 
Beam, Ariadne^ from thy stany crown : 
Tkoenty and one her stars ; bnt eight alone 
Conspicuous ; one doubtful, or to claim 
The second order, or accept the third.*' 

HISTORT. 

This beantiftd little cluster of stars is said to be in commemoration of a crown pre- 
sented by Bacchus to Ariadne, the daughter of Minos, second king of Crete. Theseus, 
king of Athens (1285 B. 0.)« was shut up in the celebrated labyrinth of Crete, to be 
devoured by the ferocious Minotaur which was confined in that place, and which usually 
fed upon the chosen young men and maidens exacted from the Athenians as a yearly 
tribute to the tyranny of Minos ; but Theseus slew the monster, and being furnished with 
a clew of thread by Ariadne, who was passionately enamored of him, he extricated 
himself from the difficult windings of his confinement. 

He afterward married the beautiful Ariadne according to promise, and carried her 
away ; bnt when he arrived at the island of Naxoa, he deserted her, notwithstanding he 
had received from her the most honorable evidence of attachment and endearing tender- 
ness. Ariadne was so disconsolate upon being abandoned by Theseus, that, as some say, 
mhe hanged herself; but Plutarch says that she lived many years after, and was espoused 
to Bacchus, who loved her with much tenderness, and gave her a crown of seven starg 
which, after her death, was placed among the stars. 

*' Resolves, for this the dear engaging dame 
Should shine forever in the rolls of fame ; 
And bids her crown among the stars be placed, 
And with an eternal constellation graced. 
The golden circlet mounts ; and, as it flies, 
Its diamonds twinkle in the distant skies ; 
There, in their pristine form, the gemmy rays 
Between Alcides and the Dragon blase.'* 

If aniUuB, in the first book of his AatrononUcon, thus speaks of the Crown. 

** Near to Bootes the bright crown is view*d, • 
4nd shines with stars of difTerent magnitude : 
Or placed in front above the rest displays 
A vigorous light, and darts surprising rays. 
This shone, since Theseus first his faith betray*d. 
The monument of the forsaken maid.** 

TELESCOPIC OBJECTS. 

. a CoROHiB BosBAin (Alphacca)—X bright star with a distant companion ; R. A. 
I5h. 27m. 648. ; Dec. N. 27^ Id' 2*. A 2, brUliant white ; B 8, pale violet. 

2. y GoKONJt BOBXALis— A most difficult bihabt stax, 2H* from Alphacca; R. A. 15h. 
86m. Ols. ; Dec. N. 26* 48' 4'; with a distant companion. A 6, flushed white ; B, uncer- 
tain ; C 10, pale lilac. 

8. C COBOIUB BoBKAii»— A fine doublx star, 10* north and a little easterly from Alphacca ; 
R. A. l&h. 88m. 21s. ; Dec. N. 87* 09' 6'. A 5, bluish white ; B 6, smalt blue A beauU- 
ful ofetl^ot. 

4. V CoBOHM BoRKAUB— A BiHAXT STAR, mldway between the Northern Crown and the 
club of Bootes ; R. A. 15h. 16m. 86s. ; Dec. N. 80* 62' 2'. A north-northwest ray from a 
Cs/ronsB, through /?, and half as far again, will hit it. A 6, white ; B 6H, golden yellow. 



188. How many stars in this constellation t Their magnitudes? Mean decUnatfoc 
and right ascension f 
History. — Story respecting Theseus and Ariadne? 
Tblhoopic Objbots. — Alpha? Gamma? Zeta? Eta? 



U«> ikSTAONOMY. 

Sir John Hencbd eoosidered this Uie most remarlEable btsaiy star known, and tbb oni> 
one that likd completed a whole reTolutloo linco its diacoTery. Kttimated period 4S2 



URSA MINOR (TH« UE88EB beab).— MAP VL 

189. This constellation, though not remarkable in its appear 
aiice, and containing bnt few cobspicnoos stars, is, nevertheless, 
justly distinguished from all others for the peculiar advantage 
which its position in the heavens is well known to afford to nau- 
tical astronomy, and especially to navigation and surveying. 

Tho stars in this group being situated near the celestial pole, 
appear to revolve about it, very slowly, and in circles so small 
as never to descend below the horizon. Hence Ursa Minor will 
be above or below, to the right or left of the pole star, accord- 
ing to the hour; as he makes the entire circuit from east to west 
every 24 hours. 

190. In all ages of the world, this constellation has been more 
universally observed, and more carefully noticed than any other, 
on account of the importance which mankind early attached to 
the position of its principal star. This star, which is so near the 
true pole of the heavens, has from time immemorial been deno- 
minated the North Polak Star. By the Greeks it is called 
Cynosyri ; by the Romans, Cynosura, and by other nations, 
Alruccabah. In most modem treatises it bears the name of Po- 
lariSf or Alpha Polaris. 

191 Polaris is of the 3d magnitude, or between the 2d and 
3d, and situated a little more than a degree and a half from the 
true pole of the heavens, on that side of it which is toward Cas- 
siopeia and opposite to Ursa Major. Its position is pointed out 
by the direction of the two Pointers, Merak and Dubhe, which 
lie in the square of Ursa Major. A line joining Beta Cassio- 
Deiffi, which lies at the distance of 32° on one side, and Megrez, 
which lies at the same distance on the other, will pass through 
tiie polar star. 

Of the Pole Star Capt Smyth obserres : At present it is only 1* 83' from the polar point, 
uid by its northerly precession in declination will gradually approach to within 26' 8U' 
■>f it. "Hiis proximity to the actual pole will occur in A. D. 2095, but will not recur for 
12,860 years. The period of the revolution of the celestial equinoctial pole about the 
pole of the ecliptiCt is nearly 26,000 years ; the north celestial pole, tiierefore, will be 
ii)out 18,000 years ; hence, nearly 49' from the present polar star. 



189. For what is Ursa Minor distinguished? What said of its situation and change c\ 
losition? 190. What said of the notice taken of it? Position of its principal star f 
(ts Greek and Latin names, Ac? 191. Describe Polaris? How found? ll^Qar*c8 o> 
Cupt. Smyth respecting? 
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192. So general is the popular notion, that the North Polar 
Star is the true pole of the world, that even surveyors and navi- 
gators, who have acquired considerable dexterity in the use ol 
the compass and the quadrant, are not aware that it ever had 
any deviation, and consequently never make allowance for any. 
All calculations derived from the observed position of this star, 
which are founded upon the idea that its bearing is always due 
north of any place, are necessarily erroneous, since it is in this 
position only twice in twenty-four hours ; once when above, and 
once when below the pole. 

193. Hence, it is evident that the surveyor who regulates his 
jompass by the North Polar Star, must take his observation 
when the star is on the meridian, either above or below the pole, 
or make allowance for its altered position in every other situa- 
tion. For the same reason must the navigator, who applies his 
quadrant to this star for the purpose of determining the latitude 
he is in, make a similar allowance, according as* its altitude is 
greater or less than the true pole of the heavens ; for we have 
seen that it is alternately half the time above and half the time 
below the pole. 

194. The method of finding the latitude of a place from the 
altitude of the polar star, as it is very simple, is very often 
resorted to.' Indeed, in northern latitudes, the situation of this 
star is more favorable for this purpose than that of any other of 
the heavenly bodies, because a single observation, taken at any 
hour of the night with a good instrument, will give the true lati- 
tude, without any calculation or correction, except that of its 
polar aberration. 

If the polar star always occupied that point in the heavens which is directly opposite 
the north pole of the earth, it would be easy to understand how latitude could be deter- 
mined from it in the northern hemisphere ; for in this case, to a person on the equator, 
the poles of the world would be seen in the h orison. Consequently, the star would 
tippear just visible in the northern horison, without any elevation. Should the person 
now travel one degree toward the north, he would see one degree below the star, and ht 
would think it had risen one degree. 

And since we always see the whole of the upper hemisphere at one view, when there 
it, nothing in the horison to obstruct our vision. It follows that if we shoidd travel 10* 
north of the equator, we should see Just 10* below the pole, which would then appear to 
have risen 10* ; and should we stop in the 42d degree of north latitude we should, in like 
manner, have our horison Just 42* below the pole, or the pole would appear to have an 
elevation of 42*. Whence we derive this general truth : T%e elevation of ths pole of Vu 
equator is ahoaya equal to t^« latitude of the j^ace of obeervation. 

Any instrument, then, which will give us the altitude of the north pole, wlU give us 
also the latitude of the place. 

The method of illustrating this phenomenon, is given in most treatises on the globe, 



192. What popular error? 198. When is the pole star a safe guide for the surveyox 
or mariner? What allowances should be made by each? 194. What said of flndine 
the latitude by obflerrationa upon the pole star? What general rule stated? WhcJ 
f'rrnr ommitted? 



S>J A8TR0N0MT. 

und «f adopted by teaehen generaUy, if to tell the scholar that the north pole riscj 
higher and higher, as he trarels farther and farther toward it. In other words, what- 
ever number or degrees he adrances touxird the north pole, so many degrees will U rise 
above his horiaon. This is not only an Abvious error in principle, bat it misleads the 

Spprebeasion of the paplL It Is not that the pole U elevtUedy but that our hoHtso/t ia 
epreseed as we advance toward the north. The same objection lies against the artifi- 
cial globe ; for it oi^ht to be so fixed that the horiaon might be raised or depressedf and 
tae pole remain in its own invariable position. 

195. Ursa Minor contains twenty-four stars, including three 
of the 3d magnitude and four of the 4th. The seven principal 
stars are so situated as to form a figure very much resembling 
that in the Great Bear, only that the Dipper is reversed, and 
about one half as large as the one in that constellation. 

196. The first star in the handle, called Polaris^ is the polar 
star, around which the rest constantly revolve. The two last in 
the bowl of the Dipper, corresponding to the Pointers in the 
Great Bear, are of the 3d magnitude, and situated about 15° 
from the pole. The brightest of them is called Kochab, which 
signifies an axle or hinge, probably in reference to its moving so 
near the axis of the earth. 

Kbehab may be easily known by its being the brightest and middle one of the three 
conspicuous stars forming a row, one of which is about 2*, and the other 8* from Kochab. 
The two brighest of these are situated in the breast and shoulder of the animal, about 
8* apart, and are called the Guards or Pointers of Ursa Minor. They are on the meri- 
dian about tiie 20th of Jane, bat may be seen at all hours of the night, when the sky to 
clear. 

197. Of the four stars which form the bowl of the Dipper, 
one is so small as hardly to be seen. They lie in a direction 
toward Gamma in Cepheus ; but as they are continually chang- 
ing tlieir position in the heavens, they may be much better traced 
out from the map, than from description. 

Kochab is about 25° distant from Benetnasch, and about 24° 
from Dubhe, and hence forms with them a very nearly equi- 
lateral triangle. 

♦» The Lesser Bear 

Leads firom the pole the lucid band : the stars 
Which form this constellation, faintly shine. 
Twice twelve in number ; only one beams fortii 
Conspicuous in high splendor, named by Greece 
The Cynosure; by us, the Polab ciTAa.*' 

HISTORY. 

The prevailing opinion is that Ursa Major and Ursa Minor are the nymph Oalisto auJ 
tier son Areas, and that they were transformed into bears by the enraged and imperious 
Juno, and afterward translated to heaven by the favor of Jupiter, lest they might be 
destroyed by the huntsmen. ^ „ ^ ^ ^ ^, 

The Chinese claim that the emperor Hong-tl, the grandson of Noah, first discovered 

195. Number of stars in Ursa Minor? Their magnitudes? How situated ? IW. De- 
scribe Polaris, Kochab, and the Guards or Pointers? 197. Are aU the stars dlstinctl^v 

fisible? Direction? What triangle ? ^. ^. , . . «t. , . • « ».« 

HiOToaT.— What pre vaUinsr opinion, or myth? Ohhieie claim ? PhemclansT Oreesfl 
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the pohur sUr, and applied it to purposes of nayigatlon. It u certain that It was used 
for this porpose^in a very remote period of antiquity, from various passages in tb9 
ancients, it is manifest ttiat tlie Phenicians steered by Cynosura, or the Le8s**rBear; 
rrhereas, the mariners of Greece, and some other nations, steered by the Greater Bear, 
called Helice, or Helix. 

lAcan, a Latin poet, who flourished about the time of the birth of our Sayioar, tbiKi 
adverts to the practice of steering vessels by Cynosura : — 

" Unstable Tyre now knit to firmer ground. 
With Sidon for her purple shells renown'd. 
Safe in the Cynomire their glittering guide 
With well-directed navies stem the tide.** 

Rowb's Translation, B. UL 

Tho following extracts from other poets contain allusions to the saiLe £s«t: 

** Phenicia, spuming A8ia*8 bounding strand, 
By the bright Pole 9Uir*9 steady radiance led. 
Bade to the winds her daring sails expand, 
And fearless ploughed old Ocean's stormy bed.** 

Maubicb'b Elegy on Sir W» Jonet, 

**Te radiant signs, who, firom the ethereal plain 
iS^fdoniofM guide, and Oreeks upon the main, 
Who from your poles all earthly things explore. 
And never set beneath the western shore.** 

0vn>*8 TritUa, 

** Of all yon mnltltade of golden stars. 
Which the wide rounding sphere incessant bears. 
The cautious mariner relies on none, 
But keeps him to the constant pole alone.** 

LnoAK'8 Pharsalia, B. yilL t. 92Bw 

Ursa Msjor and Ursa Minor are sometimes called Trionet^ and sometimes the Oreatei 
wd Lesser Wains. In Pennington's Memoirs of the learned Mrs. Carter, we have Uic 
rollowing beantiftil lines :— 

**Here Cassiopeia fills a lucid throne. 
There, blase Uie splendors of the Northern Crown ; 
While the slow <7<ir, the cold Trione» roll 
0*er the pale countries of the frosen pole : 
Whose faithful beams conduct the wandering ship 
Through the wide desert of the pathless deep.** 

Thales, an eminent geometrician and astronomer, and one of the seven wise men of 
Greece, who flourished six hundred years before the Christian era, is generally reputed 
to be the inventor of this constellation, and to have taught the use of it to the Rienician 
navigators ; it Is certain that he brought the knowledge of it with him from Phenice into 
Greece, wiUi many other discoveries both in astronomy and mathematics. 

Until the properties of the magnet were known and applied to the use of navigation, 
and for a long time after, the north polar star was the only sure guide. At what time the 
attractive powers of the magnet were first known, is not certain ; they were known in 
Europe about six hundred years before the Christian era; and by the Chinese records, i^ 
is said that its polar attraction was known in that country at least one thousand years 
earUer. 

TELESCOPIC OBJECTS. 

1. a Ubsji MoroEB {Polaris)— A. doubli stab ; R. A. Ih. 8m. lOs.; Dec N. 88* VI' 4'. 
A 2^, topaa yellow ; B 9H» pale white. Map Yin., Fig. 18. 

2. /? Uaajt MnroRn (foc^afr)— A star with a distant companion in the left shoulder; 
R. A. 14h. 51m. 14s. ; Dec. N. 74' 48' 8*. A 8, reddish ; B 11, pale grey— eeveral small 
itars in the field 

8. 6 Ursjb MuroBS— a star with a very distant telescopic companion in the middle of 
the tail of the figure; R. A. 18h. 88m. Ms. ; Dec. N. 86* 86' 4'. A 8, greenish tinge, 
B 12, grey. 

VHiat proofs from the poets ? What other names for Ursa Major and Ursa Minor V Wba^ 
nid of Thales? Use of the pole star? The magnet? 
l::iiaix>ric OBjiiCTH.->Aii.h«? Show on C|e mup. Beta— Dolta— Epsllon— Zeta. 



L4 ASTRONOMY. 



CapH ? Whai oUier important fact in relation to the position of Caph? What remark- 
able fact state.l? By wl.oiu attested? Inscribe pbeaomenon? Mr*. S<<omervilie*f 
remark? Other astronomers*? Professor Vince** remaps? The antlior^f La 
Place's? Dr. Good's? Beaa^s? ** 
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appellation of the North Polar Star ; bat it is, in reality, more 

than a degree- and a half distant from it, and rerolves about the 

true pole every 24 hours, in a circle whose radius is 1° 31'. Il 

will consequently, in 24 hours, be twice on the meridian, once M 

aJfove, and once below the pole ; and twice at its greatest elonga- j 

tion E. and W. ' 

The Polar Star not being exaeflj In the N. pole of tlie heaTena, bat mm degrM and 
SI nunmtM on that side of it which is towards Caph, the position of the latter beoomee 
important, as it always shows on which side of the true pole the polar star is. 

There is another important fact in relation to the position of this star. It is eqvidi^' 
tant fro;n the pole, and exactly opposite another remarkable star in the tquare of the 
Great Bear, on the other side of the pole. [Ses Jfeffrm.} It also serves to mark a spot 
in the starry heavens, rendered memorable as being the place of a lost star. Two hun- 
dred and fifty years ago, a bright star shone 6* N. N. E. of Caph, where now is a 
dark void! 

On the 8th of November, 1572, Tycho Brahe and Comelins Gemma saw a star in th« . 
constellation of Cassiopeia, which became, all at once, so brilliant, that it surpassed the 
splendor of the brightest planets, and might be seen even at noonday. Gradually, 
this great brilliancy diminished, until tho 15th of March, 1578, when, without moving 
from its place, it became utterly extinct. 

Its color, during this time, exhibited all the phenomena of a prodigious flame-— ^rst. 
It was of a dasaling wlute, tlien of a reddish yellow, and lastly of an ashy paleness, in 
which its light expired. It is impossible, says Mrs. Somerville, to imagine anything 
more tremendous than a conflagration that could be visible at such a distance. It was 
seen for sixteen months. Some astronomers imagined that it would reappear again 
after 150 years ; but it has never been discovered since. This phenomenon alarmed all 
the astronomers of the age, who beheld it; and many of them wrote dissertations con- 
cerning it. 

Rev. Professor Tiace, one of the most learned and pious astronomera of the age, has 
this remark : — ^"^ The disappearance of some stars may be the destruction of that system 
at the time appointed by the Dei^ for the probation of its inhabitants ; and the appear- 
ance of new stars may be the formation of new systems for new races of beings then 
called into existence to adore the works of their Creator." 

Thus, we may conceive t}ie Deity to have been employed from all etemi^, and thus 
'he may continue to be employed for endless ages; forming new systems of beings to 
adore him; and transpl-inting beings already formed into happier regions, who will con- 
tinue to rise higher and higher in their eigoymeuts, and go on to contemplate system 
after system through th** boundless universe. 

■ : La ^^cb says : — As to those stars which suddenly shine forth with a very vivid light, 
and then immediately disappear, it is extremely probable that great conflagrations, pro- 
duced by extraordinary causes, take place on their surface. This conjecture, continues 
he, is confirmed by their change of color, which is analogous to that pr .vented to oa on 
the earth by those bodies which are set on fire, and then gradually extinguished. 

The late eminent Dr. Qood also observes Uiat — Worida, and systems of worlds, are vM ■ * 

only perpetually creating, but also perpetually disapoearing. It is an extraordinary fact, 
that within the period of the last century, not less than thirteen stars, in different con- 
stellations, seem to have totally perished, and ten new ones to have been created. In ' 
many instances it is unquestionable, that the stars themselves, the supposed habitation 
of other kinds or orders of intelligent beings, together with the different planets by 
which it is« pn liable they were surrounded, have utterly vanished, and the spots which 
they ocru|»Je<l in the heavens hare become blanks ! What has befallen other systems wil! 
assurt-iiiy Iv fall our own. Of the lime and the manner we know nothing, but the fact is * 
incontrovertible; it is foretold by revelation; it is inscribed in the heavens; i\,\9 feit 
tlirough tlie earth. Such is the aw.ul and daily text ; what then ou^ht to be the comujent? 

The great and good Beza, falling in with the su{>erstition of his age, att<>iQpted to prove 
lh.1t this was a comet, or the same luminous appearance which conJucted the magi, or 
wi»e men of the East, into Palestine, at the birth of our Saviour, and that it now appeared 
to announce his second coming. 
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MIO ASTRONOMY. 

4. e Umji M jroKV— a «Uir with a mlnnte eompanion, at the root of the tail ; R. A. 
I7h. 08ui. B78. ; Dec. N. 83* 17' 01*. A 4, bright yellow; B 12, pale bine; three ether 
Ideacopie stars Id the field. It is easily found, being the third star from Polar is 

5. C Vuam MmoKtS — A doitbls btak in the middle of the body ; R. A. wh. 4$tai. 59s. 3 
Dec. N. 78' !«' 07*. A 4, flushed white ; B 11, Uoiah* with a yeUow star of the i^th mac- 
ottudc In the fleki. 



CHAPTER IX. 

COKSTELLATIONS ON THE MERIDIAN IN JULY. 

SCORPIO (the 800BPION).— map V. 

198. This is the eighth sign, and ninth constellation, in the 
order of the Zodiac. It presents one of the most interesting 
groups of stars for the pnpil to trace ont that is to be foand in 
the southern hemisphere. ' It is situated southward and east 
ward of Libra, and is on the meridian the 10th of July. 

The son enters this Hffn on the 28d of October, but does not reach the con^UlkMon 
before the 90th of Noyember. When astronomy was first cqltivated in the East, the two 
solstices and the two equinoxes took place when the sun was in Aquarius and Leo, Tau- 
rus and Scorpio, respectively. 

199. Scorpio contains, according to Flamsted, forty-four stars, 
including one of the 1st magnitude, one of the 2d, and eleven of 
the 3d. It is readily distinguished from all others by the pecu- 
liar luster and the position of its principal stars. 

Antarts is the principal star, and is situated in the heart of 
the Scorpion, about 19° east of Zubenelgubi, the southernmost 
star in the Balance. Antares is the most brilliant star in that 
region of the skies, and may be otherwise distinguished by its 
remarkably red appearance. Its declination is about 26° S 
It comes to the meridian about three hours after Spica Yirginis, 
or fifty minutes after Corona Borealis, on the 10th of July. It 
is one of the stars from which the moon's distance is reckoned 
for computing the longitude at sea. 

There are four great stars in the heavens, FonutOuMft^ Aldebaran, HsgtUua, and 
Antare9, which formerly answered to the solstitial and equinoctial points, and which 
i^ere much noticed by the astronomers of the East. 

200. About 8^° northwest of Antares, is a star of the *2d 

198. Order of Scorpio among the signs, Ac? Its comparative Interest? Situation? 
When does the sun enter this #^»f When the coitMeUatUm t How with the solstlct^si 
%Dd equinoxes anciently? Why not so now? 199. Nutiiber and magnitudes of the 
vtars in Scorpio ? How distinguished ? Name and position of its principal star ? Ho /■ 
kaown ? What use made of it ? What three othor stars mentioned ? 200. What oQiif 



SCORPIO. 10) 

uiagnitade, in the head of the Scorpion, called Graffias^ It is 
but one degree north of the earth's orbit. It may be recognized 
by means of a small star, situated about a degree northeast of 
it, and also by its forming a slight curve with two other stars 
of the 3d magnitude, situated below it, each about 3° apart. 
The broad part of the constellation near Graffias, is powdered 
with numerous small stars, eon?erging down to a point at 
Antares, and resembling in figure a boy's kite. 

201. As you proceed from Antares, there are ten conspicuous 
stars, chiefly of the 3d magnitude, which mark the tail of the 
kite, extending down, first in a south-southeasterly direction 
about 17°, thence easterly about 8° further, when they turn, 
and advance about 8° toward the north, forming a curve like a 
shepherd's crook, or the bottom part of the letter S. This 
crooked line of stars, forming the tail of the Scorpion, is very 
conspicuous, and may be easily traced. 

The first star below Antares, which is the last in the back, is of only the 4th magni- 
tade. It is about 3° southeast of Antares, and is denoted by the Oreek name of T. 

JEpsUon,^ of the 8d magnitude, ia the second star from Antares, and the first in the 
tail It is situated about T* below the star T, but inclining a little to the east 

J/tf, of the 8d magnitude, is the 8d star from Antares. It is situated A\i* below Epsi- 
Ion. It may otherwise be known by means of a small flt«r dose hj it, on the left. 

ZeUiy of about the same magnitude, and situated abiiui as far below Mu, is the fourth 
star from Antares. Here the line turns suddenly to the eant. 

Eta, also of the 3d magnitude, is the fifth star from Antares, aitd about 83^* east of 
Zeta. 

T7i€ta, of the same magnitude, is the sixth star from Antares, and about 4H* cut 
of Eta. Here, the line turns aj^in, curving to the north, and tiirminates in a couple 
of a tars. 

Taia is the seventh star from Antares, 8H* above Theta, curving a little to the left. 
It is a star of the 8d magnitude, and may be known by means of a small star, almost 
touching it, on the east. 

Kappa, a star of equal brightness, is less than 3* above Iota, and a little to the right. 

Le«uth, of the 8d magnitude, is the brightest of the two last, in the tail, and is situated 
about 8* above Kappa, still further, to the right. It may readily be known by means of 
a smaller star, clo^e by it, on the west. 

202. This is a very beautiful group of stars, and easily traced 
out in the heavens. It furnishes strikiiig evidence of the facility 
with which most of the constellations may be so accurately 
delineated, as to preclude everything like uncertainty in the 
knowledge of their relative situation. 

** The heart with luster of amaxlng force, 
Refulgent vibrates; faint the other parts. 
And ilUdefined by stars of meaner note.*' 

HISTORY. 

This sign was anciently represented by various symbols, sometimes by a snake, and 
bometimes by a crocodile ; but most commonly by the scorpion. This last symbol In 



star described ? SLie and position ? How recognised ? What said of the brobd part or 
body of Scorpio? 301. What stars form the tail of Scorpio? Are they conspicuous 7 
Name and describe in detail? 308. Oeneral remarks respecting thib constellation? 
IliETOttT. — ^How was Scorpio anciently delineated? How regarded by ancient astro\o 
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(band on the Mlthrftlo monnmenta, which Is prettj good eridenee tliat these monomeufb 
rere constructed when the Ternal equinox accorded with Taurus. 

On '>oth the todiacs of Dendera, there are rude delineations of this animal ; that on 
(he ptirtico differs considerably from that on the other sodiac, now in the Louvre. 

Scorpio was considered by the ancient astrologers as a sign accursed. The E^;yptiantt 
^sed the entrance of the snn into Scorpio as the commencement of the re^pi of TjpboD, 
irhen the Oreelu fabled the death of Orion. When the sun was in Scorpio, in the month 
ot Athvr^ as Plutarch informs us, the Egyptians Inclosed the body of their god Osiris in 
an ark, or chest, and during this ceremony a great annual festival was celebrated. 
Three days after the priests had inclosed Osiris in the ark, they pretended to have found 
bira again. The death of Osiris, then, was lamented when the sun in Scorpio descended 
to the lower hemisphere, and when he arose at the vernal equinox, then Osiris was aaid 
to be bom anew. 

The Egyptians or Chaldeans, who first arranged the Zodiac, might have placed Scorpio 
In this part of the heavens tc denote that when the sun enters this sign, the diseases 
Incident to the fmit season would prevail ; since Autumn, which abounded in fruit, often 
brought with it a great variety of diseases, and might be thus fitly represented by that 
venomous animal, the scorpion, who, as he recedes, wounds with a sting In his talL 

Mars was the tutelary deity of the Scorpion, and to this circumstance is owing all that 
•argon of the astrologers, who say that there is a great analogy between the malign 
Influence of the planet M^rs and this sign. To this also is owing the doctrine of the 
%lchemists, that iron, which metal they call Mars, is under the dominion of Scorpio ; so 
Jiat the transmatation of it into gold can be cflbcted only when the sun is in this sign. 

The constellation of the Scorpion is very ancient. Ovid thus menUons it in his beao- 
tifU fable of Phaeton :— 

** There is a place above, where Scorpio bent. 
In tail and arms surrounds a vast extent ; 
In a wide circuit of the heavens he shines. 
And fills the place of two celestial signs.*' 

According to Ovid, this Is the famous scorpion which sprang oat of .the earth at the 
command of Juno, and stung Orion ; of which wound he died. It was In this way the 
imperious goddess chose to punish the vanity of the hero and the hunter, for boasting 
that there was not on earth any animal which he could not conquer. 

** Words that provolced the gods once flrom him fell, 
* No beasts so fierce,' said he, J* but I can quell ;* 
When lo ! the earth a balefiil scorpion sent. 
To kill Latona was the dire intent ; 
Orion saved her, though himself was slain, 
But did for that a spacious place obtain 
In heaven : * to th€s my life^ said she, *toa« d«aft^ 
Kn^Jbr thy merU aMne ultmrkma tA«re." 

Although both Orion and Scorpio were honored by the celestials with a place amend 
the stars, yet their situations were so ordered that when one rose the other should set, 
and tiee versa ; so that they never appear in the same hemisphere at the same time. 

In the Hebrew sodiac this sign is allotted to Dan, because it Is written, ** Dan shall be 
a serpent by the way, an adder in the path.** 

TELKSOOnO OBJECTS. 

!• a SooKPn (AntorM)— A bright star with a companion in the heart of Scorpio; R. A 
I6h. 19m. Ms. ; Dec. 8. 26* 04' 8*. A 1, fiery red ; B 8, pale. Very close. 

2. /? ScoKPii ((?ra/^a«) — A star with a companion in the head; R. A. IRu 66m. 08s.* 
Dec. S. \V> 21' r. A 2, pale white ; B 6H, lilac tinge. 

8. V SooBpn — ^A neat doubls star, east by north firom & about 2* ; R. A. i0h. 03m. 4S», , 
Dec. S. 19* 02' 8*. A 4, bright white ; B 7, pale Ulac. Professor Mitchell registers this 
u a triple star. 

4. a SooKPn— A delicate doubls star in the body of the figure ;- R. A. 16h. 11m. 28s. ; 

gers f Egyptian myth respecting Typhon, Ac. ? Supposed reason why Scorpio was placed 
vrhereitiif Why do astrologers connect Mars with Scorpio? The Alchemists f Wha*. 
poetic proof of th. ntiqaity of Scorpio f Ovld*s myth respecting ? Relative position of 
OHon and Scorpio; r'lWe of Scorpio in the Hebrew Zodiac, and why ? 

Tklksoopig Objbcts.— Alpha? Beta? tfur Sigma? What cluster? Point out on the 
nap. What Nebnla * 
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t»cc. ^. 26* 13' V, About 9* west by north of Antares. A 4, creamy white; B 9)t 
lilac tint. 

6. AooMPxnsKDOLOBTLAjt CLnsTBB in the right foot of OphiuchuB, or the Scorpion^ 
«»ack ; R. A. 16h. 07m. SSb. ; Dec. S. 22** 85' 4*. Half way between a and 13 Scorpii, or 4* 
east of ^. A fine bright object, in an open space, with a few telescopic stars in thv 
field. Pronounced by Herschel ** the richest and most condensed mass of stars which 
the firmament can offer to the contemplation of astronomers." Map IX., Fig". 68. 

6. A compressed mass of very small stars, In the middle of the body, with outlay* ro, 
and a few stellar companions in the field ; R. A, 16h. 18m. fils. ; Dec. & M* 07' 6'. It is 
IH' west of Antares. Elongated and bright in the center. 

7. A fine large buoltablb kkbola at the root of the tall, about 7* MUtheast fh>m 
Antares ; R. A. I6h. 61m. 04s. ; Dec. S. 29* 50' 6*. A mass of fmall start running up to a 
blase in the center — has been mistalcen for a comet. 



HERCULES.— MAP V. 

203. Hercules is represented on the map invested with the 
skin of the Nemsean Lion, holding a massy clab in his right 
hand, and the three-headed dog Cerberus in his left. He occu 
pies a large space in the northern hemisphere, with one foot rest- 
ing on the head of Draco, on the north, and his head nearly 
touching that of Ophiuchus, on the south. This constellation 
extends from 12^ to 50° north declination, and its mean right 
ascension is 255"^ ; consequently its centre is on the meridian 
about the 21st of July. 

204. Hercules is bounded by Draco on the north, Lyra on the 
east, Ophiuchus or the Serpent-Bearer on the south, and the Ser- 
pent and the Crown on the west. It contains one hundred and 
thirteen stars, including one of the 2d, or of between the 2d and 
3d magnitudes, nine of the 3d magnitude, and nineteen of the 
4th. The principal star is Has Algethi^ and is situated in the 
head, about 25° southeast of Corona Borealis. It may be 
readily known by means of another bright star of equal magni- 
tude, 5° east-southeast of it, called Ras Alhague. Ras Alhague 
marks the head of Ophiuchus, and Ras Algetlii that of Her- 
cules. These two stars are always seen together like the bright 
pairs in Aries, Gemini, the Little Dog, &c. They come to our 
meridian about the 28th of July, nejar where the sun does the 
last of April, or the middle of August. 

About midway between Ras Algethi on the southeast, and Ariadne's Crown on tiae 
northwest, may be seen Beta and Oamma, two stars of the 8d magnitude, situated in 
the west shoulder, about 8* apart. The northernmost of these two U called BuUUcum. 

Those four stars in the shape of a diamond, 8° or 10* southwest of the two in the 
shoulder of Hercules, are situated in the head of t^e Serpent 



9i)8. Describe Heroulesf His magnitude and position t When on the meridian 7 
S04. How bounded? Number of stars? Their size? Principal star, and hoi^ known \ 
What said of Ras Alhague, and Ras Algethi ? Of Beta and Gamma ? 
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205. Abont la** E. N. B. of Rutilicus, and lO^* directly north o 
lias Algetbi, are two stars of the 4th magnitude, in the ea.si 
shoulder. They may be known by two very minute stars a little 
above them on the left. The two stars in each shoulder of Her 
cales, with Ras Algethi in the head, form a regular triangle. 

The left, or eiMt arm of Herenles, which grasps the triple-headed monster Cerbemi>, 
may be traced by means of three or four stars of the 4th magnitude, situated in a rou-, 
S* and 4* apart, extei ding fk'om the shoulder, in a northeasterly direction. That smHll 
cluster, situated in a triangular form, about 14* northeast of Ras Algethi, and 18* east- 
southeast of the left shoulder, ditninguish the head of Cerberus. 

Eighteen or 20* nordieast of the Crown, are four stars of the 8d and 4th magnitudes, 
forming ab irregular square, of which the two southern ones are about 4* apart, and in 
a line 6* or T* south of the two northern ones, which are nearly 7* apart. 

IHy in the northeaft corner, may be known by means of one or two other small stars, 
close by it, on the east. .XKa, In the northwest comer, may be known by its being in a 
row with two smaller stars, extending toward the northwest, and about 4* apart. The 
stars of the 4th magnitude, just south of the I>ragon*s head, point out the left foot and 
ankle of Hercules. 

Several other stars, of the 8d and 4th magnitudes, maj be traced oat in this constella- 
tion, by reference to the map. 

mSTORT. 

This constellation is intended to Immortaliie the name of Herenles, the Theban^ so 
celebrated in antiquity for his heroic ralor and invincible prowess. According to the 
ancienta? there were many persons of this name. Of all these, the son of Jupiter and 
Alcmena is the most celebrated, and to him the actions of the others have been gene- 
rally attributed. 

The birth of Hercules was attended with many miracnlous events. He was brought 
np Ht Tirynthus, or at Thebes, and before he had completed his eighth month, the Jealousy 
of Juno, who was intent upon his destruction, sent two snakes to devour him. Not ter- 
rified at the sight of the serpents, he boldly seised them, and squeeied them to death, 
while his brothei Iphicles alarmed the house with his firightful shrieks. 

He was early instructed in the liberal arts, and soon became the pupil of the centaur 
Chiron, under whom be rendered himself the most valiant and acccMnplished of all the 
heroes of antiquity. In the 18th year of his age, he commenced his arduous and glorious 
pursuits. He subdued a lion that devoured the flocks of his supposed father, Amphi- 
tryon. After he had destroyed the lion, he delivered his country from the annual tri- 
bute of a hundred oxen, which it paid to Erginus. 

As Hercules, by the will of Jupiter, was suhjected to the power of Eurystheus, and 
obliged to obey him in every respect, Eurystheus, jealous of his rising fame and power, 
ordered him to appear at Mycenae, and perform the labors which, by priority of birth, 
he was empowered to impose upon him. Herenles refused, but afterwards consulted 
the oracle of Apollo, and was told tliat he must be subservient, for twelve years, to the 
will of Eurystheus, in compliance with the commands of Jupiter ; and that, after he had 
achieved the most celebrated labors, he should be reckoned in the number of the gods. 
So plain an answer determined him to go to Mycense, and to bear witli fortitude what- 
ever gods or men should impose upon him. Eurystheus, seeing so great a man totally 
sutatjected to him, and apprehensive of so powerful an enemy, commanded him to achieve 
a number of enterprfses the most difficult and arduons ever known, generally called the 
TwBLVB Labors or Hkrcdlxs. Being furnished with complete armor by the favor of the 
gods, he boldly encountered the imposed labors. 

1. He subdued the Nemsean Lion in his den, and invested himself with his skin. 

2. He destroyed the Lernsean Hydra, with a hundred hissing heads, and dipped his 
arrows in the gall of the monster, to render their wounds incurable. 

8. He took alive the stag with golden horns and brasen feet, so famous for its incre- 
dible swiftness, after pursuing it for twelve months, and presented it, unhurt, to 
Eurystheus. 

4. He took alive, the Erymanthian Boar, and killed the Centaurs who opposed him. 



205. What two other stars, and what triangle f How trace the left or east amr. of Her- 
cules? What four stirs, and forming what? Describe Pi, and how known. Eta? Any 
other stars? 

11 isTORT.— Design of *Ub constellation ? Stoiy of the birth of Hercules ? His wondei fb' 



HuacuLEs. lori 

b. He cleansed the stables of Angias, in whfnh 9,000 oxen had been eonftned for many 
years. , 

6. He killed the carniroroos birds which ravaged the country of Arcadia, and fed on 
human flesh. 

7. He took alive, and brought into Peloponnesus, the wild bull of Orete, which no 
mortal durst look upon. 

8. He obtained for Eurystheus the marei of Diomedes, which fed ou human flesh after 
having given their owner to be first eaten by them. 

9. He obtained the girdle of the queen of the Amasons, a formidable nation of warlike 
f' Trvles. 

10. He killed the* monster Geryon, king of Gades, and brought away his numerous 
flucks, which fed upon human flesh. 

11. He obtained the golden apples ftrom the garden of the Hesperides, which were 
"v vtched by a dragon. 

'2. And finally, he brought up to the earth the three«headed dog Cerberus, the guar- 
iian of the entrance to the infernal regions. 

According*to Dupuis, the twelve labors of Hercules are only a figurative representation 
of the annual course of the sun through the twelve signs of the Zodiac ; Hercules being put 
for the sun, inasmuch as it is the powerfol planet which animates and imparts fecundity 
to the universe, and whose divinity has been honored, in every quat'ter, by templet and 
altars, and consecrated in the religious strains of all nations. 

Thus Virgil, in the eighth book of his Jbieid, records the deeds of Hercules, and ri*1# 
brates his praise : — - 

** The lay records the labors, and the praiso. 
And all the immortal acts of Hercules. 
First, how the mighty babe, when swathM in bands. 
The serpents strangled with his infant hands ; 
Then, as in years and matchless force he grew. 
The (Bchalian walls and Trojan overthrew. 
Besides a thousand haxards they relate. 
Procured by Juno's and Eurystheus' hate. 
Thy hands, unoonquer'd hero, could subdue 
The cloud-born Oentaur, and the monster crew * 
Nor thy resistless arm the bull withstood ; 
Nor he, the roaring terror of the wood. 
The triple porter of the Stygian seat 
With lolling tongue lay fawning at thy feet. 
And, seised with fear, forgot the mangled meat. 
The infernal waters trembled at thy sight: 
Thee, god, no face of danger could affright; 
Nor huge Typhnus, nor the unnumber'd snake. 
Increased with hissing heads, in Lema's lake." 

itesides these arduous labors which the Jealousy of Eurystheus Imposed upon him, a<i 
also achieved others of his own accord, equally celebrated. Before he delivered himself 
up to the king of Mycenae he accompanied the Argonauts to Oolchis. He assisted the 
gods in their wars against the giants, and it was through him alone that Jupiter obtained 
the victory. He conquered Laomedon and pillaged Troy. 

At three different times he experienced fits of insanity. In the second, he slew tiie 
brother of his beloved lole; in tlie third he attempted to carry away the sacred tripod 
from Apollo's temple at Delphi, for which the oracle told him he must be sold as a sla'se. 
He was sold accordingly to Omphale, queen of Lydia, who restored him to liberty, and 
married him. After this he returned to Peloponnesus, and re-established on the throne 
of Sparta his friend Tyndarus, who had been expelled by Hlppocoon. He became 
enamored of D^anira, whom, after having overcome all his rivals, he married ; but waf 
obliged to leave his father-in-law's kingdom, because he had inadvertently killed a man 
with a blow of his fist. He retired to the court of Ceyx, king of Traohina, and in his 
way was stopped by the streams of the Evenus, where he slew the Centaur Nessus, for 
presuming to offer indignity to his beloved D<^anira. The Centaur, on expiring, gave to 
Dtjanira the celebrated tunic which afterward caused the death of Hercules. "This 
tunic," said the expiring monster, ** has the virtue to recall a husband from unlawful 
love." Dtjanira, fearing lest Hercules should relapse ttgaic Into love for the beautifuj 
lole, gave him the fatal tunic, which was so infected with the poison of the Lemseau 



exploits ? Origin and character of the twelve labors ? Wliat are these labors supposei* 
to represent ! What quotation from Virgil ? Storj of t!ie death of Hercules ? Ovid ^ 
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lower star in the vertex of the Y. The letter name of thit; 
istar is k. 

There U loinethinx reoutrkable in its central position. It is situated almost exactly Id 
lite mid*heavens, be^ng nearly equidi«taDt from the poles, and midtrxy between tlie ver- 
oal and autamoal equinoxes. It is, however, about one and a third df^grees nearer tlit 
nurtti than the south pole, and about two degrees nearer the autumnai than the veruui 
er|uinox, being about two degrees west of the soUtitial colure. 

Directly Hnuth of the V, ai tlie distance of about 12', are two very small stars, about 
2* apart, iituated io the right hand, where it grasps tlie serpent. About half-way 
liv-tween, and nearly in a line with, the two in the hand and the two in the shoulder, it 
uiiotber star of tlie dd uiagniluue, marked Zeta^ situated in tlie Sc- pent, oppositj: the 
riKi>t elbow. It may be Icnown by meaus of a minute star just under it. 

J£ar«iCf in the left, arm, is a star of the 4th magnitude, about 10* S. W. of Iota and 
Kappa. About T* farther iu the same direction are two stars of the 8d magnitude, situ- 
ated in the hand, aad a little more than a degree apart. The upper one of the two, 
whicli is about 16* N. of tiraffias in Scorpio, is called Yed; the otlier is mariced Epsilon. 
Tiicse two stars mark the othur point in the folds of the monster where it is grasped by 
Serpentarius. 

The left arm of Snrpentarius may be easily traced by means of the two stars in the 
shoulder, the one (Marsic) near the elbow, and the two in the hand ; all lying nearly 
in a line N. N. £. and 8. 8. W. In the same manner may the right arm be traced, by 
stars very similarly situated ; that is to say, first by the two in the east shoulder, just 
west of the y, thence 8* in a southerly direction inclining a little to the east, by Zeta, 
(icnown by a little star right under it,) and then by the two small ones in the right hand, 
isituated about 6* bel»w Zeta. 

About 12* from Autares, in an easterly direction, are two stars iu the right foot, about 
2' apart. The largest and lower of the two, is on the left hand. It is of between the 
M and 4th magnituces, aud marked Bho. There are several other stars in this constel- 
lation of the 8d aud 4th magnitudes. They may be traced out from the maps. 

** Thee, Serpentarius, we behold distinct, 
With 9everUy-four refulgent stars ; and one 
Graces tliy helmet, of the second class : 
The Serpent, in thy band grasp'd, winds his spire 
Immense ; fewer by Un his figure trace ; 
One of the second rank ; ten shun the sight ; 
And seven, he who bears the monster hides."— iTiMfofto. 

HISTORY. 

This constellation was known to the ancients twelve hundred years before the ChnB> 
Han era. Uomer mtntions it. It is thus referred to in the Astronomicon of Manilina *^ 

" Next, Ophluchus strides the mighty snake. 
Untwists his winding folds, and smooths his back, 
Extends his built, and oVr ti • islippery scale 
His wide-stretch*d hands on either side prevail 
The snake turns back his head and seems to rage : 
That war must last where equal power prevails." 

iEsenlaptus was the son of Apollo, by Coronis, and was educated by Chiron the Ceu- 
taur in the art of medicine, in which he became so skilful, that he was considered the 
inventor and god of medicine. At the birth of iEsculapius, the inspired daughter of 
Chiron uttered, *Mn sounding verse " this prophetic strain. 

** Hail, great physician of the world, all hail 1 
Hail, mighty infant, who, in years to come, 
Shall heal the nations and defraud the tomb! 
Swift be thy growth I thy triumphs unconfined ! 
Make kingdoms thicker, and increase mankind : 
Thy daring art shall animate the dead, 
And draw the thunder on thy guilty head : 
Then shalt thou die, but from the dark abode 
Rise up victorious, and be twice a god." 

and resemblance? Marks what? What said of the lower star in the V.? What stjtrs 
south of it ? What c f Marsic ? Of Ted and Epsilon f How trace the left arm f 

History. — Antiqtuty of this constellation ? Proof? Who was iBsculapius ? Accou*ii 
o( his great skill 7 His metamorphosis f Remarkable fact respecting Socrates and Plato' 
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Ue accompanied the Argonauts to Colchis, in the capacity of physician. He is said to 
nave restored many to life, insomuch that Pluto complained to Jupiter, that his dark 
dominion was in danger of being depopulated by his art. 

^sculapiua was worshiped at Kpidaurus, a city of Peloponnesna, and tience he Is 
styled by Milton *' the jcod in Epidaurus." Being sent for to Rome in the time of a plague, 
he assumed the form of a serpent and accompanied the ambassadors, but though thus 
changed, he was .£scuiapiu!5 still, in terptfUe deu9 — the deity in a serpeot— and under 
that form he continued to be worshiped at Rome. The cock and the serpent were sacred 
CO him, especially the latter. The ancient physicians used them in their prescriptions. 

One of the last acts of Socrates, who is accounted the wisest and best man of Pagan 
antiquity, was to ofier a cock to iEsculapius., Ue and Plato were both idolaters ; they 
zonfornied, and advised others to conform, to the religion of their country ; to gross 
Idolatry and absurd superstition. If the wisest and most learned were lo blind, what 
must the foolish and ignorant have been ? 

TELESCOPIC OBJECTS. 

1. a Ophiuchi {Raa Alhague) — k bright star with a minute companion, in tne head of 
the figure ; R. A. :.7h. 27m. 80s. ; Dec. N. 12* 40' 08'. A 2, sapphire ; B 9, pale grey. A 
coarse triplet of sm^ill stars near them. 

2. 6 Ophiuchi {^Yed) — A star with a distant companion, in the right hand ; R. A. 16h. 
Ofkn. 58s. ; Dec. S. 8* 16' 07'. A 8, deep yellow ; B 10, pale lilac ; a third minute ator in 
Che field. 

8. ri Ophiuchi — A brilliant star with a distant companion, on the left knee ; on tlie 
margin of the milky way ; R. A. 17h. 01m. 188. , Dec N. 15* 81' 08*. A 2^, pal« yellow,; 
B 18, blue. 

4. r Ophiuchi — A close binary stab on the left hand, 15* northeast of the bright star 
, just described, towards Altair ; R. A. 17h. 54m. 22s. ; Dec. 8. 8* 10' 04'. A 5, and B 
. both pale white ; C 10, light blue ; two other stars in the field. Out of place on the 

map, or R. A. wrong in the tables, as given above. 

5. A TRiPLi or rather multipli star, between the left foot of Ophluchns, and the root of 
die toil of Scorpio ; R. A. 17h. 05m. 29s. ; Dec. S. 26* 21' 05'. It is about 10* due east of 
\ntares. A 4Ht ruddy; B 6^, pale yellow; C 73$, greyish. The latter is double, a 
minute companion appearing at a distance, though not seen through ordinary instruments. 
For relative position, Ac, see Map YIII., Fig. 14. 

6. A fine giobulab clustrr, between the right hip and elbow ; R. A. l(&i. 88m 56s. ; 
Dec. S. r 40' 08*. A rich cluster, condensed towards the center, with many straggling 
outlayers. About 8* from e Ophiuchi, towards /^. 

7. A BiCH CLU8TKR of compressed stors, in the right hip ; R. A. 16ri. 48m. 45s. ; Dee. S.. 
9* 51' 08'. About 8* east of e Ophiuchi ; or half-way between /? Librss. and a Aquilss. A 
oeautiAil round cluster, and may be seen with a telescope three feet in length. 

8. A ROUMO CLU8TBB on the left leg; R. A. 17h. 09m. 423.; Dec. S. 18* 20' 07*. It Ucf 
about 8* southeast of f , and rather more than )( the distance on a line from Antores to 
Altair. A fine ohject — ^myriads of stors clustering to a blase in the center. 

9/ A LABGB GLOBULAR CLUBTBR in the left ami ; R. A. 17h. 29m. Ids. ; Dec. S. 8* 09' 01*. 
It lies 16* south of Ras Alhague, or about half way from j9 Scorpii to e Aquilas. 6^* south- 
t>y-we2t of y Ophiuchi. A fine object, of a lucid white, and may be seen wiUi small instru- 
ments. Several stors in the field. Map IX., Fig. 55. 
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Tblbscopio Objbcts.— Alpha? Delto? Eto? What multiple star? Point out in th« 
nap. What dusters? Which shown on the map? 
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CHAPTER & 

CONSTELLATIONS ON THE MERIDTIN IN ATjeUHT. ) 

DRACO (the dbaoon).- -MAP VL 

209. This constellation, which compasses a large circuit in the 
polar regions by its ample folds and contortions, contains many 
stars which may be easDy traced. From the head of the mon- 
ster, which is under the foot of Hercules, there is a complete 
coil tending eastwardly, about 11° N. of Lyra ; thence he winds 
down northerly about 14° to the second coil, where he reaches 
almost to the girdle of Cephens ; then he loops down somewhat 
in the shape of the letter U, and makes a third coil about 15° 
below the first. From the third coil he holds a westerly course 
for about 13°, then goes directly down,^ passing between the 
head of the Lesser and the tail of the Greater Bear. 

210. Draco contains eighty stars, including two of the 2d 
magnitude, three of the 3d, and sixteen of the 4th. 

" The Dragon next, winde like a mighty stream : 
Within its ample folds are eighty stars. 
Four of the second order. Far he waves 
His ample ttpireSf involving either Bear,** 

The head of the Dragon is readily distinguished by means of 
four stars, 3°, 4°, and 5° apart, so situated as to form an irregu- 
lar square ; the two upper ones being the brightest, and both 
of the 2d magnitude. The right-hand upper one, called Etanin, 
has been rendered very noted in modern astronomy from its 
connection with the discovery of a new law in physical science, 
called the Aherraiion of Ligkt. 

The letter name of this star is Gammas or Gamma DraeonU; and hj this appdlatios 
it is most frequently called. The other bright star, about 4* from it on the left, la 
Riutaben, 

211. About 4° W. of Rastaben, a small star may, with close 
attention, be discerned in the nose of the Dragon, which, with 
the irregular square before mentioned, makes a figure somewhat 
resembling an Italic V, with the point toward the west, and the 
open part toward the east. The small star in the nose, is called 
Er Rakis, 

209. Describe Draco— its situation and extent. 210. Number and size of its princi> 
pal stars? How may the Atfa<2 of Draco be distinguished? What said of Etanin? Ita 
letter name? What of Rastaben? 211. Of Er Rakis f Further of Rastaben? 01 
Etanin ? Of Grumium ? Of Omicron ? How may the second coil be recognised ^ What 
yt Tcta? Of Eta, Theta, and Asich ? Of Thuban, Kappa, and GianRar * 
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The two small stars 5* or 6* S. of Rastaben are in the left foot of Hercules. 

Bastaben is on the meridian nearly at the same moment with Ras Alhague. Etanlu, 
40* N. of it, is on the meridian about the 4th 'of August, at the same time with the three 
«-e8tem stars in the face of Taurus Poniatowslcii, or the Y. It is situated less than 2* west 
o ' the solstitial colure, and is exactly in the senith of London. Its favorable position has 
la 1 English astronomers to watch its appearance, for long periods, with the most exact &nd 
unwearied scrutiny. 

Of the four stars forming Uie irr^^ar square in the head, the lower and right-hand one 
is 53i* N. of Etanin. It is called ChrwnUwn^ and is of the 8d magnitude. A few degrees 
E. of the square, may be seen, with a little care, eight stars of the 6th magnitude, and one 
of the 4th, which is marked Omioron^ and lies 8* E. of Grumium. This group is in the first 
coil of the Dragon. 

The second coil is about 18* below the first, and may be recognised by means of four 
stars of the 3d and 4th magnitudes, so situated as to form a smaU square, about half the 
size of that in the head. The brightest of them is on the left, and is marked Delta. A line 
drawn from Rastaben through Orumium, and produced about 14*, will point it out. A line 
drawn from I^yra through Zi Draconis, and produced 10* further, will point oat Z^to, a 
star of the 8d magnitude, situated in the third coil. Zeta may otherwise be known, by its 
being nearly in a line with, and midway between, Etanin and Kochab. From Zeta, the 
remaining stars in this constellation are easily traced. 

Stttj Theta^ and Asichj come next ; all stars of the 8d magnitude, and at tiie distance 
severally, of 6*« 4*, and 6* from Zeta. At Asich, the third star from Zeta, the tail of the 
Dragon makes a sudden crook. Thttban, Ka/ppa^ and Oiotntar^ follow next, and com- 
plete the tail. 

212. Thuhan is a bright star of the 2d magnitude, 11° from 
Asich, iu a line with, and about midway between, Mizar and the 
southemmcst guard .in the Little Bear. By nautical men this 
star is called the Dragon^ s Tailf and is considered of much 
importance at sea. It is otherwise celebrated as being formerly 
the north polar star. About 2,300 years before the Christian 
Era, Thuban was ten times nearer the true pole of the heavens 
than Cynosura now is. 

Kappa is a star of the 3d magnitude, 10* from Alpha, between Megres and the pole. 
Mixar and Megrez, in the tail of the Great Bear, form, with Thuban and Kappa, in Jhe 
tuil of the Dragon, a large quadrilateral figure, whose longest side is from Megres to 
Kappa. 

Giansar^ the last star in the tail, is between the 8d and 4th magnitudes, and 5* from 
Kappa. The two pointers will also pohit out Giansar, lying at the distance of little more 
than d* from them, and in the direction of the pole. 

HISTORY. 

Mytholo^ts give various accounts of this constellation. By some it is represented ai 
the watchful dragon which guarded the golden apples in the famous garden of the Hes- 
perldes, near Mount AUas in Africa, and was slain by Hercules. Juno, who presented 
these apples to Jupiter on the day of their nuptials, tooh: Draco up to heaven, and made a 
constellation of him, as a reward for his faithful services. Others maintain that in the war 
with the giants, this dragon was brought into combat, and opposed to Mineiva, who seized 
it in her hand, and hurled it, twisted as it was, into the heavens round the axis of the 
world, before it had time to unwind its contortions, where it* sleeps to this day. Othet 
writers of antiquity say, that this is the dragon killed by Cadmus, who was ordered by his 
father to go in quest of his sister Europa, whom Jupiter had carried away, and never tc 
"etarn to Phenicia without her. 

*' When now Agenor had his daughter lost, 
He sent his son to search on every coast ; 
And sternly bade him to his arms restore 
The darling maid, or see his face no more." 



814. Size and position of Thuban ? What called by nautical men ? How otherwise 
solebratedf What further of Kappa, Mrzar, Megres, Ac. ? 
UniTORY.— Various Mythological aco^nnts ? Story of Oadmus and the dragon's treth ? 
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Hh flearch, however, proving fruitless, he consulted the oracle of Apollo, an! xnt 
oidered to build a city where lie itliuuld see a heifer dtop in the gras:}, and to call tho 
country Btjeotia. He saw tlie heifer according to the oracle, and as he wished to render 
thauicA to the god by a saurifice, he sent his companions to fetch water from the neighijor- 
ing grove. The waters were sacreJ to Mars, and guarded by a most terrific dragon, who 
dc4'oured all the uiesstengers. Cadmus, tired of their seeming delay, went to the place, 
and saw tlie monster still feeding on their flesh. 

Cadmus, beholding such a scene, boldly resoLred to avenge, or to share their fate. He 
therefore attaclied the monster with flings and arrows, and, with the assistance of 
Minerva, slew him. He then plucked out his teeth, and sowed them, at the command of 
PaliuM, in a plain, when they suddenly sprung up into armed men. 

Enttrtainiug worse apprehension from the direful offispriiig than he had done from the 
Iragon himself, he was about to fly, when they fell upon each other, and were all slain in 
one promiscuous caraS4$e, except five, who assisted Cadmus to build the city of B<jeotia. 

TELESCOPIC OBJECTS. 

1. a Draookis {Thubcm) — A star with a distant companion In the fifth coil of Draco ; R 
A. 14h. 00m. 08s. ; Dec. N. 65* 08' 04'. A 8)$, pale yellow ; B 8, dusky ; two other stars in 
the field. Upwards of 4,600 years ago, this was the pole-star of the Chaldeans. 

2. 3 Draconis (Scutabeny-A star with a very distant companion, in the eye of Draco ; 
U. A. 17h. 26ra. 48s. ; Dec. N. 52* 25' 02*. A 2, yeUow ; B 10, bluish ; other stars in field. 

8. y D&ACONis {Elanin) — A star with a telescopic companion, in the crown of Draco; 

R. A. 17h. 52m. 58s. ; Dec. N. 51* 80' 06'. A 2, orange tint ; B 12, pale lilac. A third star 

,ln the field making a neat triangle with A and B. £UMin is celebrated as the star by 

viewing which, Bradly discovered the aberration of light in 1725. It is a aenith-star ai 

the Greenwich observatory. 

4. 6 DiAOOHis — A bright star with a distant companion, in the second flexure ; R. A 
19h. 12m. 808. ; Dec. N. 67' 22' 08*. A 8, deep yellow ; B 9)^, pale red ; other smaU stars 
In the field. 

5. e Dbaoonis — A fine double star between the second and thurd flexures ; R. A. 19fa. 
iSm. 4l8.; Dec. N. 69* 51' 6*. A 5^, light yeUow; B 8, blue; a third star just north 
■»f a. 

6. 1] Dkaconis — A star with a companion, between the third and fourth flexures ; R. A 
I6h. 21m. 48». ; Dec. N. 61* 52' 04". A 8, deep yellow ; B 11, pale grey. 

7. fi Draoonis — A very neat bikart ststui, on the tip of the Dragon's tong^ue ; R. A 
17h. 02m. 028.; Dec. N. 54* 41' 02'. A 4, and B 43<, both white. Resembles Caator, 
though the components are nearer equal. Period, about 600 years. 

8. A TRiPLi STAB in the first flexure ; R. A. 18h. 21m. 86s. ; Dec. N. 58* 42' 06'. A 5, 
pale white; B 8>i, light blue; C 7, ruddy. A difllcult obtject— about midway between 
y and S- 

9. A beautiful triplx star hi the nose of Draco, on a line from y over fi^ and near 
twice as much further ; R. A. 16h. 82m. 28s. ; Dec. N. 58* 14' 09*. A 6, pale yellow ; B 6}i, 
taint lilac ; C 6, white ; four other stars in view. 

10. A BRI0IIT-CLA.8S, OVAL KKBULA, Under the body of Draco ; R. A. 15h. 02m. 03s. ; Dec 
N. 56* 28' 0'. Faint at the' edges, with four stars in the field ; one quite near it. 

1 1 . A PLANBTART MBBULA, between the second and tiiird coil, on a line from Polaris to y 
Draconis: R. A. 17h. 58m. 8Ss. ; Dec. 66* 8S' 01'. A remarkably bright and pale Uuo 
Db.icct, with several telescopic stars in the field. Map IX., Fig. 66. It is situated exactiy 
in Vie pole of ike edipUo, 



LYRA (the harp).— map V. 

213. This constellation is distinguished by one of the most 
brilliant stars in the northern hemisphere. It is situated direct- 
ly south of the first coil of Draco, between the Swan on tlie 

TKLBaoopio Objictb.— Alpha ? Beta? Oammaf Delta? E^sOonf Eta? Ma? 
Triple stars ? Nebulas ? 

218. Howls Lyra distinguished? MThere situated? Number and iLte M ft<s prtao'- 
la) stars ? 
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CMist, and Hercules on the west ; and when on the meridian, it 
ahiiost directly overhead. It contains twenty-one stars, includ- 
inj^ one of the 1st magnitude, two of the 3d, and as many of 
the 4th. 

There Lyra, for the brightness of her stars. 
More than their number, eminent ; tlirice seven 
She counts, and on^ of these illuminates 
The heavens far around, biiizing imperial 
In thejirst order." 

214. This star ** blazing imperial in the first order*' is called 
Vega, and sometimes Wega; but more frequently, Lyra, after 
the name of the constellation. 

There is no possibility of mistaking this star for any other. 
It is situated 14f ° S. E. of Eltanin, and about 30° N. N. E. of 
Ras Alhague and Ras Algethi. It may be certainly known by 
means of two small, yet conspicuous stars, of the 5th magnitude, 
situated about 2° apart, on the east of it, and making with it a 
beautiful little triangle, with the angular point at Lyra. 

The northernmost of these two small stars is marked EpgUon^ and the southern one 
Z^.ta. About 2* 8. E. of Zeta, and in a line with Lyra, is a star of the 4th magnitude, 
marked Delia^ in the middle of the Harp ; and 4* or 5' S. of Delta, are two stars of the 
Bd magnitude, about 2* apart, in the garland of the Harp, forming another triangle, whose 
vertex is in Delta. The star on the east is marked Gamma ; that on the west. Beta. If 
a line be drawn from Etanin through Lyra, and produced 6° farther, it will reach Beta. 

This is a variable star, changing from the 8d to nearly the 5th magnitude in the spacH 
of a week ; it is supposed to have spots on its surface, and to turn on its axis, like 
our sun. 

Cfmnma comes to the meridian 21 minutes after Lyra, and precisely at the feame 
moment with EpHUm, in the tail of the Eagle, 17^* S. of it. 

The remarkable brightness of a Lyra has attracted the admi- 
ration of astronomers in all ages. Manilius, who wrote in the 
age of Augustus, thus alludes to it : — 

'* Okb, placed in front above the rest, displays 
A vigorous light and darts surprising rays." 

Attronomicony B. i. p. 16. 

HISTORY. 

It is generally asserted that this is the celestial Lyre which Apollo or Mercury gave to 
Orpheus, and upon which he played with such a masterly hand, that even the most rapid 
rivers ceased to flow, the wild beasts of the forest forgot their wildness, and the moun- 
tains came to listen to his song. 

Of all the nymphs who used to listen to his song, Eurydyce was the only one who made 
a deep impression on the musician, and their nuptials were celebrated. Their happiness, 
however, was short. Aristseus became enamored of Eurydice, and as she fled from her 
pursuer, a serpent, lurking in the grass, bit her foot, and she died of the wound. Orpheus 
resolved to recover her, or perish in the attempt. Witli liis lyre in his hand, he entered 
the Infernal regions, and gained admission to Pluto. The king of hell was charmed with 
his strains, the wheel of Ixion stopped, the stone of Sisyphus stood still, Tantalus forgot 
his thirst, and even the furies relented. 

Pluto and Proserpine were moved, and consented to restore him Eurydice, provided Ik 
forbore /ooking behind till he had come to the extremest borders of their dark dominioub. 



214. Names o' the most brilliant star? How certainly known ? Where are Epdlco 
Zetn, Delta, Gamma, and Beta? What peculiarity about Beta f In a Lyraot 
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The condition wu accepted, and Orpheus was already in sight of the nppei egloos ol 
•hu air, wlien be forgot, and turned back to look at hia long-lost Earydice. He saw her 
but she Instantly v»uisbed from his sight. Ue attempted again to follow her, but was 
refused admission. 

Vrom tills time, Orpheus separated himself from the society of mankind, which so 
offended tti« Thraoiau wotuen, it is said, tliat they tore his body to pieces, and threw hin 
hvad into the Uebrus, still articulating the words Eurydice ! Eurydice ! as it was carried 
down the stream into the .Agean sea. Orpheus was one of the Argonauts, of which cele- 
brated expedition he wrote a poetical account, which is still extant. After his death, he 
received dlTine honors, and his lyre became one of the coast«;llations. 

This fable; or allegory, designed merely to represent the power of music in the hand« 
•tt the great master of the science, is similarly described by three of the most renowued 
I^tin poets. Virgil, in the fourth book of his tieorgics, thus describes the effect of ti •• 
lyre :— 

** E^en to the dark dominions of the night 
Ue took his way, through forests void of light, 
And dared amid the trembling ghosts to sing. 
And stood belore tlie inexorable king. 
The infernal troops like passing shadows glide, 
And listening, crowd the sweet musician's side ; 
Men, matrons, children, and the uumarried maid, 
Tlie mighty hero's more majestic shade. 
And youth, on funeral piles before their parents laid. 
E'en from tlie deptlis of hell tlie damu'd advance ; 
The infernal mansions, nodding, seem to dance ; 
The gaping three-mouth 'd dog lorgets to snarl ; 
The furies hearken, and their tsuakes uncurl ; 
Ixion seems no more his pain to feel. 
But leans attentive on his standing wheel. 
All dangers past, at length the lovely bride 
In safety goes, with her melodious guide." 

Fyihagoras and his followers represent Apollo playing upon a harp of seven strings, 
i>y which is meant (as appears from Pliny, b. 11. c. 22, Macrobius L c. 19, and <J«usorias 
c. ii.), the sun in conjunction with the seven planets ; for they made him the leader of 
that septenary chorus, and the moderator of nature, and thought that by his attractive 
lurce he acted upon the planets in the harmontcal ratio of their distances. 

The doctrine of celestial harmony, b} which was meant the music of the spheres, was 
common to all the nations of the East. To this divine music Euripides beautifully 
alludes : — "^ Thee I invoke, thou self-created Being, who gave birth to Nature, and whom 
light and darkness, and the whole train of globes encircle with eternal music." — &o a.so 
iiliakspeare :— 

^»» Look, how the floor of heaven 

Is thick inlaid, with patines of bright gold ; 
There's not the smallest orb which thou behold'st, 
But in his motion like an angel sings. 
Still quiring to the young-eyed cherubim : 
Such harmony is in immortal souls ; 
But, while this muddy vesture of decay 
Doth grossly close it in, we cannot hear it." 

The lyre was a famous stringed instrument, much used among the ancients, said to 
have been invented by Mercury about the year of the world 2,000 ; though some ascribe 
the invention to Jubal. (Genesis iv. 81.) It is universally allowed, that the lyre was the 
first instrument of the string kind ever used in Greece. The different lyres, at various 
l>eriods of time, had from four to eighteen strings each. The modern lyre is the Welsh 
harp. The lyre, among paUiters, is an attribute of Apollo and the Muses. 

All poetry, it has been conjectured, was in its origin lyric; that is, adapted to recita- 
tir n or song, with the accompaniment of music, and distinguished by the utmost boldness 
of thought and expression ; being at first employed in celebrating the praises of gods 
and heroes. 

Lesbos was the principal seat of the Lyric Muse ; and Terpander, a native of this 
island, who flourished about 650 years B. 0., is one of the earliest of the Lyric poets 
whose name we find on record. Sappho, whose misfortunes have united with her taleuts 
to render he. name memorable, was born at Mitylene, the chief city of Lesbos. She was 



tliSTOBY.— Story of Orpheus and Earydice ? Design of this myth ? Celebrated b/ wha' 
poets ? Origin of tlie Lyre, and o ' Lyric poetry f what said of Pindar? 
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reckoned a tenth mase, and placed withoat conti^oyersy at the head of the female writers 
in Greece. But Pindar, a native of Thebes, who flourished about SOO years B. 0., ll 
styled the prince of lyric poets. To him his fellow-citizens erected a monamum ; and 
vhen the Lacedemonians ravaged Boeotia, and burnt the capital, the following words 
^ere written upon the door of the poet: Forbkak to burn this hou^b. It was thk 

DWKLJJNO OF PlHBAJt. 

TELESCOPIO OBJECTS. 

1. a Ltra— A. star with a little companion ; R. A. 18h. 81m. 80s. ; Dec. N. 88* 88' 01*. 
A 1, pale sapphire ; B 11, smalt blue. Map YIII., Fig. 15. 

a Lyria is computed to be 400,000 times aa remote as our sun ; or 88,000,000,000,000 
distant ! And yev what is this to the mean distances of many of those of the 12th to 15ui 
magnitudes ? 

8. j3 Ltiub — A star with its companions forming a quadruple system ; R. A. 18h. 44ra. 
09s.; Dec. N. 88* 10' OS'. A 8, very white and splendid; B 8, pale grey; 8}^^ faint 
yellow; D 9, light lilac. /} Is regarded aa yariable. 

8. y Ltrjb— A lustrous star 7* southeast of Vega, with a minute distant companion ' 
R. A. ISh. 52m. 57s. ; Dec. N. 82* 28' 05'. A 8, bright yellow ; B 11, blue ; other tele- 
scopic stars in the field. 

4. e Ltra— A splendid MiTLTiPLa stab, only 1^* northeast of Vega; R. A. 18h. 89m. 
02s. ; Dec. N. 89* 80' 08*. Map Yin., Fig. 16. With smaU instruments it appears simply 
double ; but with better instruments each of the components are found to be double, and 
binary systems. Between the twin systems are three minute stars. The componenta of 
the two systems are described as A 5, yellow ; B 6Hi ruddy; 5, and D 53$, both white. 
A, B ere the lowest, or northern pair. • 

These two twin systems are in motion around a common center of gravity, as well as 
the respective components around each other. The period of the individual systems is 
estimated at about 2,fHX) years ; while 1,000,000 of years are supposed to be requisite for 
a revolution round the conmion center of both I 

5. C liYUM' -A fine doublb stab about 2* south of e ; R. A. ISh. 89m. 15s. ; Dec. N. 87* 
26' 05'. A 5, topaz ; B 5^, greenish. 

6. ij Ltbjc— A neat double star 6* east of Vega ; R. A. 19h. 08m. 18s. ; Dec. N. 88* 52 
05*. A 5, sky blue ; B 9, violet tint. A fine ol^ect for a moderate telescope. 

7. V Ltbji — A QUADBUPLB STAB in the cross-piece of the Lyre ; R. A. ISh. 48m« 48s. ; Dec. 
N. 82* 88 0*. A 9, pale yeUow ; B 18, bluish ; C 11, pale blue ; D 15, blue; three other 
f tars in the field. A very delicate ol:tject. 

S. A OLOBULAB CLUSTSB, in a splendid field, between the eastern yoke of Lyra and the 
head of Cygnus ; R. A. 19h. 10m. 19s, ; Dec. N. 29* 54' 02" . About 53$ * southeast of Lyras, 
towards ^ Gygni, and BH* from the latter. Map DC., Fig. 57. 

9. An AHiruLAB MBBULA between /? and y; R. A. ISh. 47m. 87s.; Dec. N. 82* 50' 01'. 
A wonderftil ohJect, in the form of an elliptical ring. Supposed by Herschel to be 900 
times as distant as Sirlus. A clear opei^g through its center, and several stars in tho 
field. Map IX., Fig. 58. 



TAURUS PONIATOWSKH.— MAP V. 

215. This small asterism is between the shoulder of Ophiu- 
cbus and the Eagle. The principal stars are in the head, and 
of the 4th magnitude. They are arranged in the form of the 
letter V, and from a fancied resemblance to the zodiac Ball, and 
the Hyades, became another Taurus. See description of Ser- 
pentarius, article 206. 

TBLBbOOPio Objbots. — Alpha? Beta? C^mmaf Bpsilonf Point out on the map. 
7ieta? Eta? Nu? What cluster? Point out on the map. What nebula, and tvherc 
dttnd on the map ? 

f15. Describe Taunifl Poniatowskii. Where situated? 



IIG ASTRONOMY. 

TELiSSCOPIO OBJECTS. 

1. ▲ neal doubub star in the space between tlie Polish Ball, and the Eiigle*8 vrinf , 4 
i^ast of a Ophiuchi. in a line towards Altair ; R. A. ITh. 68m. ITs. ; D«c. N. 11* 59' 03" 
k 8, straw-color; B 8)ti, Rapphire blue. 

2. A fine PLAMKTARY NEBULA, In a rich vicinity, in the shoulder ; R. A. 18h. 04m. 21s. , 
Dec. N. 6" 49' 02'. A small but bright object, regarded by Prof. Btruve as one of tbe mos 
jurioiu in the heavens. Many telescopic stars in the field. 



SCUTUM SOBIESKl (sobieskt's bhield).— MAP V. 

216. This small figure is between the head of the Polish Bull, 
and the head of Sagittarius. Its fonr principal stars are of the 
5th magnitude ; and it is important chiefly for its Telescopic 
Objects. 

TELESCOPIC OBJECTS. 

1. A DOOBLB 8TAB lli* flortheast of IJL Sagittorii ; R. A. ISh. 07m. 878.; Dec. 8. 19' S6 
06'. A 81$, and B 10, both grey. 

2. A neat oovblb star, in a long and straggling assemblage below the Shield; R. 4. 
18h. 10m. 80s. ; Dec. & 17* 11' 07'. A 9, and B 1 1 . both bluish. It is 4* from fi Sagittartt, 
in a very rich vicinity; several splendid fields lying only about \' south of it. 

8. A BEAUTIFUL CLUBTn below the base of the Shield ; R. A. 18h. 08m. 498. ; Dee. S. 18* 
27' 06*. A line from a AquilsB, southwest over "k Antinoi, and continued as far again, 
will reach this object. 

4. A 8CATTBRBO BUT LAROB CLUSTER, north-half-east from fi Sagittarii 7*; R. A. 18h. 
09m. 44s. ; Dec. 8. 18* 50' 05'. Stars disposed in pairs, the whole forming a very pretty 
object in a tele«cope of tolerable capacity. 

5. A H0SSB-8BOB vzBCLA just below the Shield ; R. A. 18h. 11m. 28s. ; Dec. 8. 16* 15' 08*. 
It has been compared to a Greek Q. Map IX., Fig. 59. Five stars in the object, and 
others in the field, and the region around it particularly rich. Sir William Ilerschel 
computed that there were 285,000 stars in a space 10*, long, and23i* wide; many of 
which were 2,800 times as far oflTas Sirius I 



SAGITTARIUS (the archer).— MAP V. 

21*1. This Is the ninth sign and the tenth constellation of thi- 
Zodiac. ^It is situated next east of Scorpio, with a mean decli- 
nation of 35^ S., or 12^ below the ecliptic. The sun enters this 
ngn on the 22d of November, but does not reach the constd- 
lation before the 7th of December. It occupies a considerable 
space in the southern hemisphere, and contains a number of sul> 
ordinate, though very conspicuous stars. The w^hole number of 
its visible stars is sixty-nine, including five of the 3d magnitude 
and ten of the 4th. 



Telrscopic Objects.— What double star ? VtHhat nebula f 

2 Id. Situation and components of Scotum Sobieski ? For what chiefly important ¥ 

Tklkscopic Objects. — ^What double stars? Cluatersf Nebula? 



t^iiis 



217. Order of Sagittarius, in the signs and constellations? When does the flou into. 
is Hgn t The oon4^J2aUoti T Its extent ? Number and sise of its 8tara ? 



SAGITTARIUS. ' 1 1 / 

218. Sagittarius may be readily distinguished by mea4i« of five 
stars of the 3d and 4th magnitudes, forming a figure resem- 
bling a little, short, straight-handled dipper, turned nearly bot- 
tom upward, with the handle to the west, familiarly called the 
M'dk'IHppeT^ because it is partly in the Milky-Way. 

This little figure is so conspicuous that it cannot easily be 
mistaken. It is situated about 33^ E. of Antares, and comes 
to the meridian a few minutes after Lyra, on the 11th of Au- 
gust. Of the four stars forming the bowl of the Dipper, the two 
upper ones are only 3° apart, and the lower ones 5 . 

The two smaller stars forming the handle, and extending westerly aboat 4^*, and the 
easternmost one in the bowl of the Dipper, are all of the 4th magnitude. The star in 
the end of the handle, is marked Lambaa.^ and is placed in the bow of Sagittarius, just 
within the Milky- Way. Lambda may otherwise be known by its being nearly in a line 
with two other stars about 4)6* Ap&rt, extending toward the 8. E. It is also equidistant 
from Phi and Detta^ with which it makes a handsome triangle, with the vertex in 
Lambda. About 5* above Lambda, and a little to the west, are two stars close together 
In the end of the bow, the brightest of which is of the 4th magnitude, and marked Mu. 
This star serves to point out the winter solstice, being about 3° N. of the tropic of Capri- 
corn, and less than one degree east of the solstitial colure. 

If a line be drawn from Sigma through Phi, and produced about 6* farther to the west, 
U will point out DeUa^ and produced about 8* from Delta, it will point out Oamma ; stars 
of the 3d magnitude, In the arrow. The latter is in the point of the arrow, and may be 
known by means of a small star Just above it, on the right. This star is so nearly on the 
same meridian with Etanin, in the head of Draco, that it culminates only two minutes 
after it. 

A few other conspicuous stars in this constellation, forming a variety of geometrical 
figures, may be easily traced from the map. 

HISTORY. 

This constellation, it is said, commemorates the famous Centaur Chiron, son of PhUyra 
and Saturn, who changed himself into a horse, to elude the jealous inquiries of his wife 
Rhea. 

Chiron was famous for his knowledge of music, medicine and shooting. He taught 
mankind the use of plants and medicinal herbs; and instructed, in all the polite arts, 
the greatest heroes of the age. He taught iBsculapius physic, Apollo music, and Her 
cules astronomy; and was tutor to Achilles, Jason, and iBneas. According to Ovid, h< 
was slain by Hercules, at the river Evenus, for offering indignity to his newly marrie J 
bride. 

** Thou monster double shap*d, my right set free~ 
Swift as his words, the fatal arrow flew ; 
The Centaur's back admits the feather'd wood, 
And through his breast the barbed weapon stood ; 
Which, when in anguish, through the flesh he tore. 
Prom both the wounds gush'd forth the spumy gore." 

The arrow which Hercules thus sped at the Centaur, having been dipped in the blood 
of the Lern«Ban Hydra, rendt^red the wound incurable, even by the father of medicine 
himself, and he begftf d Jupirer to deprive him of immortality, if thus he might escnpe 
his excruciating paiiij. Jupiter granted his request, and translated him to a pine 
among the constellations. 

** Midst golden stars he stands refulgent now. 
And thrusts tlie Scorpion with his bended bow." 

This is the Grecian account of Sagittarius; but as this constellation appears on the 
hocient zodiacs of Egypt, Dendera, £ane, and India, it seems conclusive that the Greeks 

21S. How distinguished? Where is Lambda? How known? Where are Mn, Deltu. 
and Gamma? 

History. — ^What does Sagittarius commemorate? Story of Chiron? What saiJ -jf tht* 
antiquity of this constellation 
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onl7 l*orrow€A fhsjtffuret while they indented ths fable. This !• knows to be trre with 
refpect to rery nlany of the ancient conatelladons. Uence the Jargon of the cooflicUnf 
accounts which have descended to us. 

TELEi^COPIC ODJECTS. 

1. fi ftAORTABn— A MOLTinji STAR in the north end of the Archer's bow ; R. A. ISh. 
'Jim. lis. ; Dec. 8. 21* U5' U7* About 25* east-northeast of Antores. A S^i pale yellow, 
B !«, blue ; G 9^, and D 10, both reddish. 

2. (T SAOiTTAan— A star with a distant companion In the Archer's right shoulder; 
ft. A. 18h. 45m. 90s. ; Dec. 8. 36* 29' 08'. A 8, ruddy ; B 9^, ash-colored. 

8. A rery delicate tripu STAm, between the heads of Sagittarius and Capricorn, aboul 
25* south-by-west of Altair, and 10* west of H Oaprieoml ; B. A. 19h. 81m. 88s. ; Dee. S. 
16* 89' 02*. A bH, yeUow ; B 8, riolet ; 16, blue. Other smaU stars in the field. 

4. A LASOi AJin OOAISK CLDSTKk of minute stars, close to the upper end of the bow, and 
in the Galaxy ; R. A. ISh. 08m. OSs. ; Deo. 8. 21* 86' 01*. Stars of the 10th to 18th mag- 
Dhudes. A rich field of no particular form. 

5. A LOOBB CLDBTBB in the Galaxy, between the Archer's head and Sobieski's Shield ; 
R. A. 18h. 22m. 148. ; Dec. S. 19* 10' 02*. The most prominent are a pair of 8th magni< 
tude stars. It is about 5* northeast of ^ Sagittaril. 

6. A nMB OLOBULAB CLDSTKK between the head and bow, near the solstlclal colure; 
R. A. 18h. 26m. 2Ss. ; Dec. 8. 24* 01' 04*. A fine group, oompressed towards the center, 
with several single stars in the field. Map IX., Fig. 60. ^ 



CORONA AUSTR^ILIS (the southern obown).— MAP V. 

219. This is a small and animportant constellatioD near the 
fore-legs of Sagittarius ; and between them and the Milky-Way. 
R. A. about 18h. 44m.; Dec. S. 40°. Its four principal stars 
are of the 5th magnitude, situated near each other, an/1 arranged 
in a gentle curve line, Ijing north and south. It has no Mytho- 
logical History, or Telescopic Objects worthy of notice. 



AQUILA ET ANTINOUS (the eagle and antinous).— MAP V. 

220. This double constellation is situated directly south of 
the Fox and Goose, and between Taurus Poniatowskii on the 
west, and the Dolphin on the east. It contains seventy-one 
stars, including one of the 1st magnitude, nine of the 3d, and 
seven of the 4th. It may be readily distinguished by the 
position and superior brilliancy of its principal star. 

221. Altair y the principal star in the Eagle, is of the 1st, or 
between the 1st and 2d magnitudes. It is situated about 14^ 

Tklksoopio Objicts.— Muf Sigma? What triple star? What dusters? Whicl^ 
shown on the map? Point it out. 

219. Describe Corona Austratis. Its principal stars ? History and Telescopic Objects V 
220. Situation of Aqulla and Antinous? Number and size of its principal Atars' 
321 Altair— how known? Stars each side of it? Use of Altair in navigation'' Wha* 



aQUILA £T A.J>rTINOUS. IIP 

S. W. of the Dolphin. It may be known by its being the 
largest and mfddle one of the three bright stars which are 
arranged in a line bearing N. W. and S. E. The stars on each 
side of Altair are of the 3d magnitude, and distant from it about 
2°. This row of stars very much resembles that in the Guards 
of the Lesser Bear. 

Altair is one of the stars from which the moon's distance is 
taken for computing longitude at sea. Its mean declination is 
nearly S-J-*' N., and when on the meridian, it occupies nearly the 
same place in the heavens that the sun does at noon on the 12th 
day of April. It culminates about 6 minutes before 9 o'clock, 
on the last day of August. It rises acromeaUy about the begin- 
ning of June. 

Ovid aUudes to Uie rising of this constellation ; or, more probably, to that of the prin- 
6.pal star, Altair :— - 



-** Noir vieir the sides, 



And you'll behold Joye's hook*d-bill bird arise." 

MoMey^a Fasti. 



-** Among thy splendid groap 



One dubious whether of the Sicomo rahk. 
Or to the First entitled ; but whose claim 
Seems to deserve the Fiast" 

EudoHa* 

The northernmost star in the line, next above Altair, is called Tarcmed. In the wing 
of the Eagle, there is another row composed of three stars, situated 4° or 5* apart, 
extending down toward the southwest ; the middle one in this line is the smallest, beiog 
only of the fourth magnitude; the next is of the 8d magnitude, marked Detta^ and 
situated 8* S. W. of Altair. 

As you proceed from Delta, there is another line of three stars of the 8d magnitude, 
between 5' and 6' apart, extending southerly, but curving a little to the west, which 
mark the youth Antinous. The northern wing of the Eagle is not distinguished by any 
conspicuous stars. 

Zda and l^ptilon^ of the 8d magnitude, situated in the tail of the Eagle, are about 8* 
apart, and 12* N. W. of Altair. The last one in the tail, marked Epsilon, is on the same 
meridian, and culminates the same moment with &amma, in the Harp. 

From Epsilon, in tlie tail of the Eagle, to Theta, in the wrist of Antinous, may be traced 
a long line of stars, chiefly of the 8d magnitude, whose letter names are Theta, Eta, Mu, 
Zeta and Epsilon. The, direction of this line is from S. £. to N. W., and its length is 
about 25*. 

JSto is remarkable for its changectble appearance. Its greatest brightness contltaues 
but 40 hours; it then gradually diminishes for 66 hours, when its luster remains station- 
ary for 80 hours. It then waxes brighter and brighter, until it appears again as a star 
of the 8d magnitude. 

From these phenomena, it is inferred that it not only has spots on its surface, like our 
tun, but that it also turns on its axis. 

Similar phenomena are observable in Algol, Beta, in the Hare, Delta, in Oepneoa, and 
Omicron, in the Whale, and many others. 



-" Aquila the next. 



Divides the ether with her ardent wing; 
Beneath the Swan nor far from Fegoiuft, 
PoRio Eaoul" 



poetfeqnotationT Where are Taraaed and Delta? Keta and Epsilon? Theta? Btu 
For what remarkable ? 



\20 ASTRONOMY. 



UI8T0RT. 

Aquila, or the Eagle, i>a coiistellatioD uiaaUy Joined with Anttnoua. Aqoila i<t juj- 
l>u»eU to have been Merupit, a king of tiie ialand of Cos, in the Archipelago, and tlie hiUK 
hand of Olyuiene, the mother of Piiaiton ; tliis monarch having been transformed into an 
eagle, and placed among the constellations. Some have imagined that Aquila was the 
cHgle whose form Jupiter assumed when he carried away Ganymede ; others, that it 
represents the eugle which brought nectar to Jupiter while he lay concealed in the cave a*. 
Crett, to avoid the fury of his lather, Saturn. Some of the ancient poets say, ihat thic 
is tlie eagle which furniahed Jupiter witti weapons in his war with the giants : — 

**■ The towering BagU next doth boldly soar, 
As if the thunder in his ciaws he bore ; 
lie's worthy Jove, since he, a bird, supplies 
The heaven with sacred bolts, and arms (he skies.*' 

Jtf'oniMtts 

The eagle is Justly styled the ** sovereign of birds," since he is the la'gest, strongest, 
and swiftest of all the feathered tribe that live by prey. Ilomer calltf the eagle, ^tbe 
strong sovereign of the plumy race ;" Horace styles him — 

^ The royal bird, to whom the king of heaven 
The empire of the feathered race has given :" 

And Milton denominates the eagle the ^ Bird of Jove." Its sight is qaick, strong and 
piercing, to a proverb : Jub xxix., 2S, Ac. 

" Though strong the hawk, though practised well to fly. 
An eagle drops her in the lower sity ; 
An eagle when deserting human sight. 
She seeks the sun in her unwearied flight ; 
Did thy command her yellow pinion lifl 
So high in air, and set her on the clift 
Where far above thy world she dwells alone. 
And proudly makes the strength of rock^ her own ; 
Thence wide o'er nature takes her dread survey. 
And with a glance predestinates her prey? 
She feasts her young with blood; and hovering o*er 
The unslaughtered host, eivjoys the promiset^ gore." 

ANTIN0U8. 

A: tinons is a part of the constellation Aquili, and w«j invented by Tycho Brane 
Ammous was a youth of Bithynia, in Asia Minor. So greatly was his death lamented 
by the emperor Adrian, that he erected a temple to bis memory, and built in honor of 
him a splendid city, on the banks of the Nile, the ruins of which are still visited by 
travelers with much interest. 

TELESCOPIC OBJECTS. 

1. a Aquilji (AUair) — ^A bright star in the neck, with a distant companion ; R. A. 
19h. 43m. 58s. ; Dec. N. 8* 86' 09'. A IH, pale yellow ; B 10, violet tint. 

i.'fS Aquilji (AMuUn) — A ooublb star, also in the nerk of Aqoila, and the head of 
Ahtinous; R. A. 19h. 47m. 26s.; Dec. N. 6* 00' 07*. About 2H* south-southeast of 
Altair. A 83<, pale orange ; B 10, pale grey ; with other stars in the field. 

8. y Aquiub f Tbroeed)— a star in the back of Aquila, on a line with a and j3, with .» 
minute companion ; R. A. 19h. 8Sm. SSs. ; Dec. N. 10* 18' 06'. A 8, pale orange ; B 12, 
dusky ; other stars aroand. 

4. 6 Aquila, in the southern wing; R. A. 19h. 17m. 25r.; Dec. N. 9* 48' 00'. Has a 
distant companion. A 8H, white ; B 12, livid ; other stars in the field. 

5. ^ Aquiub, in the tail; R. A. ISh. 58m. 02s. ; Dec. N. 18* 87' 08'. A 8, greenish tint; 
B 11, livid ; two other stars in the field. 

6. A neat doubli 8ri.B on the margin of the lower wing ; R. A. 18h. 57m. 598. ; Dee. N. 
6* 18' 08*. A 736, lucid white ; B 9, cerulean blue. A iiue object, not diflicult to find, as 

HiSTOKT.— Different suppositions respecting? Manilius? Horace? Milton? What 
sitldof Antinous? 

TvLiWGPio OBJirrs.— Alpha? Beta? Oamma? Delta? Xi? Other dooUe 8tar<>( 
What clusters? Which shown on the map? Wliat nehula? 



It lies 10* due doi th of A Antinoi, a 8d magnitude star, and 18* west of fl Aqoilae. 'fht 
bii^l cest obj»:ct of iUi immediate neigliborhood. 

7. A WIDE DODBLK STAi^ about 4* west-by-Bouth of X Antinoi, between th? foot anc. 
Sobiedki'B Shield ; R. A. 18h. 41m. OTs. ; Dec. S, 6' 05' 08'. A 7, orange tint; B 9, ceru- 
ijiin blue. Many telescopic stars in the field. 

S. A spusMDii) CLUSTKR close to the southeast of the last described ot^ject ; R. A. ISh. 
t2ra. 32s. ; Dec. S. 6* 27' 02'. It is between the left foot and Sobieski's Shield. A gor- 
geous object ** somewhat resembling a flight of wild ducks in shape," has an 8th magni- 
tude star in the middle, and two larger east of it ; probably all three between us and 
the cluster. Map IX., Fig. 61. 

9. A LOOSE CLUSTER between the lower wing and the leg of Antlnous, and 18* south we^t 
>f Altair, on a line from Vega tlirough € Aquilas ; R. A. 19h. OSm. 86s. ; Dec. S. 1' 11' 09' 
A splashy group of stars from the 9th to the 13th magnitudes, on the easteA margin of 
the Galaxy. 

10. A STBiXAB kebula on the Eagle's back, about 5* west of Altair; R. A. 19h. 28m. 
t&». ; Dec. N. 8* 54' 01'. A minute ofatiect in the Milky- Way ; and in the most powerful 
telescopes, fan-shaped. 



SAGITTA (the arrow.)— MAP V. 

222. Sagitta is a small but old constellation between the 
Fox and Goose on the north, and the Eagle on the south. iU 
two principal stars are of the 4th magnitude, and lie nearly east 
and west, about 4° apart. The next two largest stars are of the 
5th magnitude. 

TELESCOPIC OBJECTS. 

1. e SxartTM —A star with a distant companion about 8* north-northwest of Altair, c? 
a line towards Vega; R. A. 19h. 80m. 03a. ; Dec. N. 16* 06' 5'. A 6, pale white ; B d, 
light blue. 

2. C SAOiTTiC — A neat double star Just above the Arrow, 9* south by east from /? 
Gygni, and 10* north of Altair; R. A. 19h. 4Im. 63s.; Dec. N. 18* 44' 8'. A 5, silvery 
white ; B 9, blue. 

8. 1^ SAGrrT.a — A triple star near the head of the Arrow, about half-way from fi 
Gygni to a Delphini ; R. A. 20h. 02m. 5Ss. ; Dec. N. 20* 26' 6'. A 7, pale topas ; B 9, grey - 
C 8, pearly yellow. 

4. A RICH COMPRESSED CLUPTKR on the shaft of the arrow, 10* northeast of Altair 
R. A. 19h. 46m. 86s. ; Dec. N. 18* 22' 1*. Telescopic stars around it. 



ANSER ET VULPEOULA (the fox and goose).— MAP V. 

223. This is a modern constellation, situated between the 
Swan on the north, and the Arrow or the Dolphin and Eagle on 
the south. It is composed of some thirty stars, the largest of 
which is of the 3d magnitude. 

TELESCOPIC OBJECTS. 
1. A strtr VTith a distant companion on the nose of Reynard, and neck of tho Qwtsn 
n^' sooth of /3 Cygni ; R. A. 19h. 22m. 08s. ; Dec. N. 24* 20' 7*. 

5S2. Describe Sagitta— its principal stars. 

Teukcopic Objects.— Epsilon? Zeta? What triple star? ClostorV 

288. Dettrrilie the F<a and Goo«s^. Its oomimnont stars? 
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i. A wtoi BOVBUi iTAJi, IIH* north of Altoir. between the Fox aud the Arrow, in thr 
OMlero edge of the Qahixj ; R. A. 19h. 46iil We. ; Dec. N. 19* 65' 5'. A and B both 7 
•uid both white. 

8. A LABQi STBioOLOio OLUSTBB ott the neck of the Qoose, and aBbut 8* flrom fi Cjgnl; R. A. 
19h. turn. 80t. ; Dec. N. 84' 49' 8'. Two 7th mafnltade stara in the west. The diutei 
ha« the form of a Greek 12. 

4. The celebrated Dom-BILL vnuLi, on the Fox*e breaet, about 7* southeaat of Cjrgnii 
and nearlj half-wajr between it and the Dolphin ; R. A. 19h. 08m. 89s. ; Dec. N. 88* 17' 1'. 

iMap UL, FIf . 88.) This magniftneot and singular oh|ect Is in a crowded Ticinitj, where 
leld after Aeul is Torj rieh. 



CHAPTER XL 

00K8TKLLATI0KS OK THE MERIDIAN IN SEPTEMBRR. 

DELPHINU8 (THE dolphin).--MAP V. 

224. This beantiful little claster of stars is situated IS"" or 
14° N. E. of the Eagle. It consists of eighteen stars, including 
four of the 3d magnitude, but none larger. It is easily distin- 
guished from all others, by means of the four principal stars in 
the head, which are so arranged as to form the figure of a dia- 
mond, pointing N. E. and S. W. To many, this claster is 
known by the name of Job^s Coffi/n ; but from whom, or from 
what fancy, it first obtained this appellation, is not known. 

225. There is another star of the 3d magnitude, situated in 
the body of the Dolphin, about 3** S. W. of the Diamond, and 
marked Epsilon. The other four are marked Alpha, Beta, 
Gamma, Delia. Between these are several smaller stars, too 
small to be seen in presence of the moon. 

The mean declination of the Dolphin is about 15° N. It 
comes to the meridian the same moment with Deneb Cygni, and 
about 50 minutes after Altair, on the 16th of September. 

** Thee I behold, nu^estic OuffnuSt 
On the marge dancing of the hearenly sea, 
Arlon*8 friend ; eighteen tlij stars appear— 
One telescopic.*' 



Tn woopio OaiBCTB. — ^What double stars f Oiuster f Nebnia f Point ont on the map. 

824. Constellations in this chapter? Delphinos? Number and siae of stars? How 
listljguished ? What other name has this constellation ? 8861, Where are Bpsilon. 
Mpha, Beta, Oamma and Delta ? Mean declination, Ac. 
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HISTOltr. 

Tli« DolpLii^ aeeording to some mythologlsts, was made a constellation bj Neptanb 
oecaiue one of these beautiful fishes had persuaded the goddess Amphitrite, who had madt 
a vow of perpetual celibacj, to become the wife of that dei^ ; but others maintain, that 
it is the dolphin which preserved the famous lyric poet and musician Arion, who was a 
lAHtiTe of Lesbos, an island in the Archipelago. 

lie went to Italy with Periander, tyrant of Corinth, where he obtained Immense riches 
by his profession. Wishing to revisit his native country, the sailors of the ship in whi:h 
he embarked resolved to murder him, and get possessioa of his wealth. Seeing them 
immovable in their resolution, Arion begged permission to play a tune upon his lute 
before he should be put to death. The melody of the instrument attracted a number of 
lolphins around the ship ; he immediately precipitated himself into the sea ; when one 
of them, it is asserted, carried him safe on liis back to Tssnarus, a promontory of Laco< 
Ilia, in Pdoponnesus ; when he hastened to the court of Periander, who ordered all the 
aailors to be crooifled at their return. 

** But (past belieOi ^ dolphin's arched back 
Preserved Arion from his destined wrack ; 
Secure he sits, and with harmonious} strains 
Kequites his bearer for his friendly pains." 

When the fiimous poet Hesiod was murdered in Naupactum, a city of iBtolia, in Greece, 
and his body thrown into the sea, some dolphins, it is said, brought back the floating 
corpse to the shore, which was immediately recogniied by his fdends ; and the assassins 
being afterwards discovered by the dogs of the departed bard, were put to death by 
immersion in the same sea. 

Taras, said by some to have been the founder of Tarentnm, now Tarento, in the south 
of Italy, was saved from shipwreck by a dolphin ; and the inhabitants of that city pre- 
served the memory of this extraordinary event on their coin. 

The natural shape of the dolphin, however, is not incurvated, so that one might ride 
upon its back, as the poets imagined, but almost straight. When it is first taken from 
the water, it exhibits a variety of exquisitely beautiful but evanescent tints of color, that 
pass in succession over its body ontil it dies. They are an extremely swift-swimming 
fish, and are capable of living a long time oat of water ; in fact, they seem to delight to 
gambol, and leap out of their native element. 

** Upon ttte swelling waves the dolphins show 
Their bending backs ; then swiftly darting go. 
And in a thousand wreaths their bodies show." 

TELESCOPIC OBJECTS. 

1. a DKLPHun — A bright star with a distant telescopic companion; R. A. 30h. SSra. 
12s. ; Dec. N. 15* 21' Ul". A 8ii, pale white ; B 18, blue. 

S. ^ Diuram— A delicate triplk stas on the Dolphin's body, 1^* south-by-west of t, 
in a line with /? Cygni and' y Lym; R. A^ 20h. 80m. 08s. ; Dec. N. 14* OS' 08*. A 4, 
greenish ttnge; B 15, and C 12, both disky. 

8. y DiLFBnii— A beautiful oodblb stab in the head, 2* east of a ; R. A. 20h. 88m. 
15s.: Dec. N. 15* 88' 08'. A 4, yeUow; B 7, light emerald, with a third star about 2* 
distant. 

4. A delicate qvadsupls stab, near e in the tail ; R. A. 80h. 28m. 85s. ; Dec. N. 10* 48 
M*. A 73<, and B 8, both white; C 16, blue ; D 9, yellowish ; several other small stars 
in the field. Ifap Vni., Fig. 17. 

5. A SMALL BBiGBT 0LU8TBB, in the Dolphlu's tail, 83i* south of e ; R. A. 80h. 26m. 2l8. ; 
Dec. N. 6* 58' 02*. Just east of a 9th magnitude star — a coarse telescopic pair at a 
diataace, and several minute stars in the field. 

6. A' small PLABBTABT NBBVLA, botwcu the pectoral fin and the arrow head, 6* nortli- 
northwest of o, and exactly on a line towards Vega I^yrss ; R. A. 90h. 15m. 16s. ; Dec. N 
19° 85, b6'. It is in a coarse cluster, in the center of which are tout j.'7««pin'mru stars. 



HiKTORT.— Accounts of the origin of Delphinusf What said of Hesiod? Of Taras? 
'>f the natural shape, Ac? 

Tklbsodpio Objbots.— Alpha? Beta? Gamma? What quadruple st.%r? Point out 
VI tiie m;>i>. WhAt cluster? N'^hulA? 
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CYGNUS (THK SWAN).— MAP V. 

22G. This remarkable constellation is sitaated in the Miiky- 
Way, directly E. of Lyra, and nearly on the same meridian with 
the Dolphin. It is represented on outspread wings, flying down 
the Milky-Way, toward the ftouthwest. 

The principal stars which mark the wings, the body and the 
bill of Cygnns, are so arranged as to form a large and regular 
Cross ; the upright piece lying along the Milky-Way from N. E. 
to S. W., while the cross piece, representing the wings, crosses 
the other at right angles, from S. E. to N. W. 

227. Arided or Deneh Cygni, in the body of the Swan, is a 
itar of the second magnitude, 24° E. N. E. of Lyra, and 30° 
directly N. of the Dolphin. It is the most brilliant star in the 
constellation. It is situated at the upper end of the cross, and 
comes to the meridian at 9 o'clock on the 16th of September. 

Sacfr Is a star of the Sd msgnitode, 6* S. W. of Deneb, litnafeed exactly fn the cross, 
or where the upright piece intersects ttte cross piece, and is about 90* E. of Lyra. 

Pgttaj the principal star in the west wing, or arm of the cross, is situated N. W. of 
Sad'r, at the distance of little more than 8*, and is of the Sd magnitude. Beyond Delta, 
toward the extremity of the wing, are two smaller stars about 5* apart, and inclining a 
little obliquely to the north ; the last of which reaches nearly to the first coil of Draco. 
These stars mark the west wing; the east wing may be traced by means of stars very- 
similarly situated. 

O-ienhh is a star of the 8d magnitude, in the east wing, Just as far east of Sad*r in the 
center of the cross, as Delta is west of it. This row of three equal stars, Delta, Sad'r 
and Gienah, form the bar of the cross, and are equi-distant from each other, being about 
8* apart. Beyond Gienah on the east, at the distance of 6' or 7*, there are two other 
stars of the 8d magnitude; the last of which marks the extremity of the eastern wing. 

The stars in the neck are all too small to be noticed. There is one, however, in the 
beak of the Swan, at the foot of the cross, called AlMreo, which is of the 8d magnitude, 
and can be seen very plainly. It is about 16* S. W. of Sad'r, and about the same dis- 
tance S. E. of Lyra, with which it makes nearly a right angle. 

** In the small space between Sad'r and Albireo," says Dr. Herschel, "the stars in the 
ft'.ilky-Way seem to be clustering into two separate divisions ; each division containiag 
more than ons hundred and iuky-Jlfoe thousand gtar$," 

Albireo bears northerly from Altair, about 90*. Lnmediately south and southeast of 
Albireo, may be seen the Fox and Goosi; and about midway between Albireo and Altair, 
til ere may be traced a line -of four or five minute stars, called the Abrow; the head of 
wl'ich is on the S. W., and can be distinguished by means of two stars situated dose 
together. 

228. According to the British catalogue, this constellation 
contains eighty-one stars, including one of the 1st or 2d magni< 
tude, six of the 3d, and twelve of the 4th. The author of the 
following beautiful lines says there are one hundred and seven. 

"Thee, silver Swan, who, silent, can o*erpassf 
A httndred with seven radiant stars compose 
Thy graceful form : amid the lucid stream 



2M. SitnaUon of Cygnus? How represented? Figure made by its principal stars 7 
VtM position r 227. Which is the brightest of its stars? Describe Sad'r, Delta, Gienah, 
JlJbtreo. Bemark of Dr. Herschel? 228. Number of stars in Cygnut? Y.ariahls 
Mfnrs ? What ve they supposed to indicate ? 
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Of the fiiir Mflky-Way dl9tingtlis^ed : mm 

Adorns the Moond order, where she cuts 

The waves that follow in her utmost track; 

This never hides its fire throughout the night, 

And of the rest, the more conspicuous mark 

Uer snowy pinions and refulgent neck.** — JEudotia^ b. It. 

Astronomers have discovered three variable stars in the Swan. CM, s'tuated in the 
r.eck, between Beta and SadV, was first observed to vary its brightness in 10S6. Its peri- 
odicifcl changes of light are now ascertained to be completed in 4U& days. SatPr is also 
changeable. Its greatest luster ia somewhat less than that of a star of the 8d magnitude, 
and it gradually diminishes till it reaches that of the 6th. Its changes are far from being 
regular, and, from present observations, they do not seem to recur till after a period of 
fceii years or more. 

A third variable star was discovered in the head on the 20th of June,1670,by Anthelme. 
It appeared then to be of the 8d magnitude, but was so far diminished in the following 
October, as to be scarcely visible. In the beginning of April, 1671, it was again seen, and 
was ratlirr brighter than at first. After several changes, it disappeared in March, 1672 
and has not been observed since. 

These lemarkable facts stem to indicate, that there is a brilliant planetary ^yitem in 
this constellation, which, in some of its revolutions, becomes visible to us. 

mSTORT. 

Mythologists give various accounts of the origin of this constellation. Soma sapposo 
it is Orpheus, tlie celebrated musician, who, on being murdered by the cruel priestess of 
Baj;chus, was changed into a Swan, and placed near his Uarp in the heavens. Others 
suppose it is the swan into which Jupiter transformed himself when he deceived Lrda, 
wife of Tyndarus, king of Sparta. Some affirm that it was Cycnos, a son of Neptune, 
who was so completely invulnerable that neither the javelins nor arrowsi nor even the 
blows of Achilles, in Aarious combat, could make any impression. 

** Headlong he leaps from olT his lofty car. 
And in close fight on foot renews the war ; — 
But on his flesh nor wound nor blood is seen. 
The sword itself is blunted on the skin." 

But when Achilles saw that his darts and blows had no eflTect on him, he immediately 
threw him on the ground and smothered him. While he was attempting to despoil hia 
of his armor, he was suddenly changed Into a swan. 

** With eager haste he went to strip the dead ; 
The vanished body f^om his arms was fled. 
His sea-god sire, to immortalise his flime. 
Had turned it to a bird that bears his name.*' 

According to Ovid, this constellation took its name f^om Gycnus, a relative of Pha«ton, 
who deeply lamented the untimely fate of that youth, and the melancholy end of hia 
sifters, who, standing around his tomb, wept themselves into poplars. 

** Cycnus beheld the nymphs transformed, allied 
To their dead brother on the mortal side, 
In friendship and affection nearer bound ; 
He left the cities, and the realms he owned. 
Through pathless fields, and lonely shores to range; 
And woods made thicker by the sisters* change : 
While here, within the dismal gloom alone, 
The melancholy monarch made his moan ; 
His voice was lessened as he tried to speak, 
And issued through a long-extended neck: 
His hair transforms to down, his fingers meet 
In skinny films, and shape his oary feet ; 
From both his sides the wings and feathers break ; 
And from his mouth proceeds a blunted beak ; 
All Cycnus now into a swan was turned.*'— OvicT* Met. b. ii. 



Hbtort.— Various accounts? Story of Cycnus and Achilles f Ovid*s aeooootl Tl^ 
gn*r> remarks respecting the Swan ? 
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TIrgil, abo, tiM lOth book of bif Jtietd, allodef to the mom fHbic :— 

** for Cjenos lored nohappy Phaeton, 
And sung hli loes in poplar grores alone 
Beneath the sister shades to soothe his grief; 
Ueaven heard his song, and hastened his relief 
And changed to snowy plumes his hoary hair. 
A^d wing*d his flight to sing aloft in air.'* 

Of an the feathered race, there is no bird, perhaps, which makes so beantifhl anJ 
B^esiie an appearance as tbe.siran. Almost every poet of eminence has taken notice 
of it. The swan has, probably, In all ages, and in every country where taste and ele- 
gance have been cultivated, been eoosidered as the emblem of poetical dignity, pnrity, 
and ease. By the anoteots it was consecrated to Apollo and the Moses ; they also enter- 
tained a notion that this bird foretold its own end, and sang more sweeUj at the 
approach of death. 

**8he, like the swan 

Expiring, dies in melody.**— .AcsAy^us. 

** 80 on the silver stream, when death is nigh. 
The moomful swan sings its own elegy."— M<2*« THstfo. 

TKLESCOPIO OBJECTS. 

1. a Ctoki (2Imm&>— a bri^t star on the bock of the Swan, with a tdescopie com- 
panion ; R. A. 9Uh. 8tai. ftTs. ; Dec. N. 44* 43' 07'. A 1, brilUant white ; B 18H, pale bine. 

2. /? Ctomi {Albireo}—A brif ht dovblb stab on the bill of the figure ; R. A. 19h. S4m. 
l<s. ; Dec. N. 87* 87' 07'. Aboat 18H* souib-southeast of Vega. A 3, topas yellow ; B 7, 
sapphire blue ; tbecolors in brilliant contrast. A flue ol\)ect, and the flrst double atar 
ever seen by the present editor. 

8. 6 Ctomi— A most delicate doublb stab in the middle of the left wing, 14* west of a 
Cygni ; R. A. 19h. 89m. 68s. ; Dec N. 44* 44' 08'. A 83i, pale yellow ; B 9, sea green. 
Another beautiftil object. 

4. C Ctoki— A star with a distant companion, on the tip of the right wing ; R. A. 81h. 
08m. 07s.; Dec. N. 99* 84' 06*. A 8, pale ye.low; B 10, sky blue; the field rich in 
smali stars. 

6. X Ctoni — ^A close doubli stab in the right or lower wing, with a distant ccnnpanion : 
R. A. 90h. 41m. lis. ; Dec N. 86* 64' 06'. A 6, B 10, and C 8, aU bluish 

8. fi Ctobi — ^A beantifbl dodblb stab, with a distant companion, on the very tip of tbe 
right wing; R. A. 81h. 88m. 69s.; Dec. N. Sd* 01' 04*. A 6, white; B 8, and IH, 
both blue. 

7. A BOiABT STAB (81 Oygnl) — the most remarkable known In the heavenc It is atta- 
ated on the Inner tip of the right wing of Cygni, 7H* south -by-east of Deneb, and nearly 
east of Vega ; R. A. 80h. &9m. 488. ; Deo. M. 87* 58' 0*. A 6^, and B 6, both yellow, but 
the latter of the deepest tint. From the great rapidity of its proper motion, this star as 
regarded as one of the nearest to our system. It affords a iiosiUve instance of a double 
star which, besides the individuals revolving round each other, or about their common 
center of gravi ty, has a progressive uniform motion towards some determinate region. It is 
snppo«ed to be not less than 418,000 times the diameter of the earth's orbit f^om us ; or 
88,190,000,000,000 miles disUnt ; and to be moving through space 80,000 times as fast as 
Mercury — the swiftest body known to our system. The period of 81 Cygni as a binary 
3ystem, is about 450 years. For orbit, Ac, see Map VIII., Fig. 18, and 19. 

8. A fine doublb stab on the tip of the left wing, 10* northwest of a Cygni, and within 
1* of d; R. A. 19h. 87m. 84s. ; Dec N. 60* 09' 8*. A 8H and B 7, both pale fawn color. 

9. A wiDB QUAABUiui STAB in s rlch field, on the Swan's left thigh, about 8* west by 
north of Deneb ; R. A. 90h. 08m. 88s. ; Dec. N. 48* 16' 8". A 4, orange ; B 18, livid ; C 7H. 
and D 6)i, both cerulean blue. Not the effect of contrast. 

10. A mbat small clostbb in the root of the neck, about 2* sonth of y; R. A. 20h. ISm. 
17s. ; Dec N. 87* 69' 9*. A 8, yellow ; B 11, dusky. 

11. A LOOSB SPLASHT CLDSTKB In a rlch vicinity, between the Swan's tail and the Lisard, 
lue south of Cephei, and east>northeast of Deneb ; R. A. 81h. 28m. 898. : Dec N. 4T* 
18*8'. 



Tklbboopio Objbcts.— Alpha? Beta? Delta? Zeta? Lambda? Mn? What celo- 
brated binary star? Remarks respecting? Period? Point out on the map. Wlia* 
other double star? Quadruple? What clusters ? Nebula? 
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18. A tKKt sixGDi^B VKBDLA on the tip of the northern wing, about 53tf* north of 
i5 ; R. A. 19h. 4Am. 85s. ; Dec. N. 50* 07' 6'. Seen to be nebulotu only with good instm* 
meats. Several telescopic stars in the field. The Uerschels considered this as a con 
necting Imk between planetary nebola and nebulous stars. 



OAPRICORNUS (THE GOAT).- MAP V. 

229. This is the tenth sign, and eleventh constellation, in the 
order of the Zodiac, and is situated south of the Dolphin, and 
next east of Sagittarius. Its mean declination is 20° south, and 
its mean right ascension 310°. It is therefore on the meridian 
about the ISth of September. It is to be observed that the 
first point of the sign Capricorn, not the constellation^ marks the 
southern tropic, or winter solstice. The sun, therefore, arrives 
at this point of its orbit the 2 1st of December, but does not 
reach the constellation Capricorn until the 16th of January. 

The sun, having now attained its utmost declination south, after remaining a few days 
apparently stationary, begins once more to retrace Its progress northwardly, affording to 
the wintry latitudes of the north a grateful presage of returning spring. 

At the i>eriod of the winter solstice, the sun is yertlcol to the tropic of Capricorn, and 
the southern hemisphere ei^oys the same light and he^.t which the northern hemisphere 
enjoys on the 21st of June, when the sun is vertical to the tropic of Oancer. It is, at 
this period, mid-day at the south pole, and midnight at the north pole. 

230. The whole number of stars in this constellation is fifty- 
one ; none of which are very conspicuous. The three largest 
are only of the 3d magnitude. There is an equal number of 
the 4th. 

The head of Capricorn may be recognized by means of two 
(jtars of the 3d magnitude, situated a little more than 2° apart, 
called Giedi and Dahih, They are 28° from the Dolphin, in a 
southerly direction. 

Oiedi is the most northern star of the two, and is double. If a line be dravrn from 
Lyra through AJtair, and produced about 23* fiirther, it will point out tibe head of Oapri- 
corn. These two stars come to the meridian the 9th of September, a few minutes after 
Sad*r, in Cygnus. A few other stars of inferior note may be traced out by reference to 
the maps. 

The sign of the Goat was called by the ancient orientalists the " Southern gate of the 
Sun," as Cancer was denominated the ** Northern gate." The ten stars in the »ign 
Capricorn, known to the ancients by the name of the " Tower of Gad," are probably now 
in the constellation Aquarius. 

flISTORT. 

Capricomus is said to be Pan, or Bacchus, who, with some other deities, were feasting 
near the banks of the Nile, when suddenly the dreadful giant Tyihon came upon them, 
and compelled them all to assume a different shape, in order to escape his fury. Ovid 
relates, 

" How Typhon, from the conquered skies, pursued 
Their routed godheads to the seven-mouth'd flood : 

229. Position of Capricomus? When does the sun enter it? What said of his place 
and motion at that time? Of the winter solstice? 280. Number of stars in Capri- 
corn? Their magnitudes? How recognise the figure? What said of Giedi ? Ancient 
name of this sign ? 
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Forced every god (his fury to escape). 

Some beastly form to take, or earthly sbai;* 

Joye (singM the bard) was changed into a ram. 

From whence the horns of Libyan Anonon came; 

BacchtiS a goat ; Apollo was a crow ; 

Phoebe a cat ; the wife of Jove a cow, 

Whose hne was whiter than the falling snow ; 

Mercury to a nasty ibis turned— 

'While Venus from a fish protection craves. 

And once more plunges in her native waves." 

On this occasion it Is further related that Bacchus, or Pan, led the way aud plunged 
into the Nile, and that the part of his body which was under the water assumed the form 
of a ttsh, and the other part that of a goat ; and that to preserve the memory of thia 
frolic, Jupiter made him into a constellation, in his metamorphosed shai>e. 

Some say that this constellation was the goat Amalthea, who supported the Infan 
Jupiter witii her milk. To reward her kindness, the father of the gods placed her umon^ 
the constellations, and gave one of her horns to the nymphs who bad taken care of him 
In his infantile yean. This gift was ever after called the Aom ofpUnty; as it possessed 
the virtue of imparting to the holder whatever she desired. On this account the Latin 
term Cornucopia^ denotes plenty, or abundance of good things. The wbrd Amalthea, 
when used figuratively, has also the same meaning. 

The real sense of this fable, divested of poetical embellishment, appears to be this ; 
that in Crete, some say In Libya, there was a small territory shaped very much like i> 
bullock*s horn, and exceedingly fertile, which the king presented to hia daughter Amal- 
thea, whom tlie poets feigned to have been Jupiter's nurse. 

** The bounteous Pan," as he Is styled by Milton, was the god of rural scenery, shep* 
herds, and huntsmen. Yirgil thus addresses him : — 

** And thou, the shepherd's tutelary god. 
Leave, for a while, Pan ! thy loved abode." 

The name of Pan Is derived from a Greek word signifying aV tMngs; and he was oftet 
roiiKidered as the great principle of vegetable and animal life. Ue resided chiefly in 
Arcadia, In woods and the most rugged mountains. As Pan usually terrified the inhabi- 
tants of the adjacent country, even when he was nowhere to be seen, that kind of fear 
which often seises men, and which is only ideal or imaginary, has reeeired ttom him the 
name of PaiUo, 

Pales, the female deity corresponding to Pan, was the goddess of sheepfolds and of 
pastures among the Romans. Thus Yirgil : — 

** Now, sacred Pales, in a lofty strain 
1 sing the rural honors of thy relgi. ' ' 

The shepherds offered to this goddess milk and honey, to gain her protection over their 
flocks. She is represented as an old woman, and was worshiped with great solemnity 
at Rome. Her festivals, which were called PtUiUa, were celeLraled on the SOth of April, 
'he day on which Romulus laid the foundations of the city. 

TELESCOPIC OBJECTS. 

1. a Caphioormi— A quihtuplb stas in the right horn ; R. A. 80h. 09m. 10s ; Doc S. 18* 
U2' 1'. A 8, pale yellow ; B (or a 1) 4, yellow ; C 16, blue ; D 9, ash-colored; B 9)^, lilac 
tinge. Few telescopes will reveal all these components. 

2. Capkicorni— A wide pair of stars in the right horn, 2}i' south-half-east of a; 
R. A. 20h. 12m. Ols. ; Dec. S. 1.V 1«' 9*. A 8H, orange yellow; B 7, sky blue. Other 
small stars in the field. It requires, a powerful instrument, and the most favorable cir- 
cumstances to detect the minute star G. (See Map VIII., Fig. 20.) 

8. A GLOBULAR CLUSTBR between Aquarius and the neck of Capricorn, 9* due east of 
a Capricorn], about }i* from a 6th magnitude star; R. A. 20h. 44m. 89b.; Dec. S. IS* 0? 
6'. Many stars in the field, two of which are close to the cluster, or the east. Map IX., 
Fig. 68. 



History.— Who was Capricomus T What proof cited f What ftirtherf What other 
Aiyth? Meaning of this fable r What said of Pales? 

TxLKSOOPiG Objbots.— Alpha? Beta? Point out on the map? What clusters? Where 
ibuwn on the map? 



4. A fine PALR wHiTic CLUSTXR, aDOQi 20* vest-northwest of Fomalhiat; R. A. IIL. 
^m. 16b. ; Dec. 8. 88* &2' 4'* A bright object, with strtgsling streams of stars, and bat 
Atw ontUers in the field. Seen with small instruments. Map IX., Rg. 64. 



CHAPTER XII. 

CONSTELLATIONS ON THE XEBIDIAK IK OCTOBER. 

PEGASUS (thb flying noBSK).— MAP 11. 

231. This constellation is represented in an inv^erted posture, 
with wings. It occupies a large space in the heavens, between 
the Swan, the Dolphin and the Eagle, on the west, and the Nor- 
thern Fish and Andromeda, on the east. Its mean right ascen- 
sion is 340°, or it is situated 20° W. of the prime mertditm. It 
extends from the equinoctial N. 35°. Its mean length E. and 
W. is about 40°, and it is six weeks in passing our meridian, 
viz., from the 1st of October to the 10th of November. 

232. We see but a part of Pegasus, the rest of the animal 
being, as the poets imagined, hid in the clouds. It is readily 
distinguished from all other constellations by means of four 
remarkable stars, about 15° apart, forming the figure of a square 
called the Square of Pegasus, 

The two western stars in this square come to the meridian about the 28d of October, 
and are Id* apart. The northern one, which is the brightest of three triangular stars 
in the martingale, is of the 2d magnitude, and is called ScAeat. Its declination is26li*. 
Markaby also, of the 2d magnitude, situated in the head of the wing, is 18* S. of Scheat, 
and passes the meridian 11 minutes after it. 

The two stars which form the eastern side of the square, come to the meridian about 
an hour after those in the western. The northern one has already been described as 
AlphsraUf in the head of Andromeda, but it also bdongs to this constellation, and is 14* 
E. Scheat. 14* S. of Alpherats, is Algenib, the last star in the wing,sitaated 16 )i* E. of 
Markab. 

233. Algenib in Pegasus, Alpheratz in Andromeda, and Caph 
in Cassiopeia are situated on the prime meridian^ and point out 
its direction through the pole. For this reason they are some- 
times called the three guides. They form an arc of that great 
circle in the heavens from which the distances of all the heavenly 
bodies are measured. 

281. What constellations In this chapter? Describe Pegasus, its size, position, fto 
282. Do we see the whole of the figure T How Is it distinguished f ^Vhat said of Scheat 
and Markab T Of Alpherats and Algenib? 283. Remark respecting Algenib, Alphr- 
ratt and Oaph? What sometimes called, and why? They form what? Kem>*rkt 
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It Is aa aro of the eqainoctial ;olure which panes through the vernal equinox, aoU 
•iiich the son crosses about the Slst of March. It is, in astronomy, what the merMiau 
of Greenwich is in geography. If the sun, or a planet, or a star, be said to hare so many 
degrees of right ascension, it means that the sun or planet has (ucended so many degrees 
from this prime meridian. 

Mn\f^ sometimes called EniVy is a star of the 8d magnitude in the nose of Pegasus, 
about aO« W. S. W. of Marlcab, and half-way between it and the 1>olphin. About half of 
ihe distance from Markab toward Enif but a little to the S., there is a star of the 8d may- 
litude situated in the neck, whose letter name is Zeta, The loose cluster directly S. ot 
(he line Joining Enif and Zeta, forms the head of Pegasus. 

In this constellation there are eighty>nine stars risible to the naked eye, of which tiire* 
nre of the second magnitude and three of the tuird. 

mSTORT. 

This, according to fable, is the celebrated horse which sprung ftrom the blood of Medusa, 
after Perseus had cut off her head. He received his name according to Uesiod, from his 
being born near the sources (frnyi;, Pege) of the ocean. According to Ovid, he fixed his 
residence on Mount Helicon, where, by striking the earth with hb foot, he raised the 
fabled foontain called Hippocrene. He became the favorite of the Moses ; and being 
tamed by Neptune or Minerva, he was given to Bellerophon, son of Glaucus, king of 
Kphyre, to aid him in conquering the Chimsera, a hideous monster that continually vom- 
ited flames. This monster had three heads, that of a lion, a goat, and a dragon. The 
fore parts of its body were those of a lion, the middle those of a goat, and tlie bin ter 
those of the dragon. It lived in Lycia, of which the top, on account of its desolate wil- 
derness, was the resort of lions, the middle, which was fruitftil, was covered with goats, 
and at the bottom, the marshy ground abounded with serpents. Bellerophon was the 
first who made his habitation upon it. 

Plutarch thinks the Chimasra was the captain of smne pirate who adorned their ship 
with the images of a lion, a goat, and a dragon. 

After the destruction of this monster, Bellerophon attempted to fly up to heaven upon 
Pegasus ; but Jupiter was so displeased at this presumption, that be sent an insect to 
dting the horse, which occasioned the melancholy fall of his rider. Belleroirfion fell to 
the earth, and Pegasus continued his flight up to heaven, and was placed by Jupiter 
among the constellatiuns. 

** Now heav*n his further wand'ring flight confines. 
Where, n>lendid with his num*rou8 stars, he shines.'* 

Ovid?tFa$U, 

TELESCOPIO OBJECTS. 

1. a PiOASi {Marhaby—K star with a distant companion, at the junction of the wing 
and shoulder, 18* south of Scheat ; R. A. 22h. 56m. 47s. ; Dec. N. 14' 20' 08'. A 8, white ; 
B 11, pale grey. 

2. (i PsGASi {Sciheafy—k bright star with a minute distant companion, on the left fore- 
leg; R. A. 22h. 66m. 01s.; Dec. N. 27* 18' 0*. A 2, deep yellow ; B 15, Uoe ; with two 
other stars in the field. 

8. y Pegasi {Aldeniby—k star with a distant companion, on the edge of the wing; 
R. A. Oh. 0dm. Os. ; Dec. N. 14* 17' 07'. A 2H* yellow ; B 18, pale blue. 

4. e Pkoasi {Eni/y-A star with two distant companions, in the nose of the figure ; 
R. A: 21h. 86m. 19s. ; Dec. N. 9" 08' 07'. A 2)i, yellow; B 14, blue; 9, violet; and a 
9th magnitude star of a vioU t tinge, at a distance east. 

G. C PkQasi — A star with a minute companion in the middle of the neck; R. A. 22h. &im> 
S9s. ; Dec. N. 9* 59' 9'. A line from Alpheratx over Markab, and carried V further, wiU 
reach ^. A 8, light yellow ; B 13, dusky ; with other stars in the field. 

6. A DOUBUi STAR between the head of Pegasus and the hind legs of the Fox ; or «boQl 
10 H* south by east of C Cygni ; K. A. 21h. 14m. 41b. ; Dec. N. 19* 07' 4'. A 4, pale orange, 
and considered variable ; B 9, purplish. 



respecting the prime meridian ? What s&id of Enif? Of Zeta f Of the head of Pegasus 
Nuniber of stars in the constellation, and their magnitudes ? 

HiSTOBT. — Story of his origin and name ? Residence, Ac. f How he eame among the 
stars? 

Tklmcopio OsjscTS.'-Alphaf Beta? Gamma? Bpsilori? Zeta? What doable star^ 
What cluster ? Point out on the map. What nebula? 



r. A OLOBUX.AX CL'Osrnt between the mooths of Pegasns and EqtLleut, about 4* north* 
jrest of e ; R. A. 21h. 22in.. 188. ; Dec. N. 11* 27' 4'. Map IX., Fig. 65. It Is laid down as 
jk nebula on Map II., but with a good instrument it is resolved into stars, with straggling 
outliers, as shown in the diagram. 

8. An BLONQATBD HiBULA In the *animal*s mane, about 8' due south of Markab ; B. A. 
%2h. Mm. 5Ss. ; Dec. N. 11* 27' 9\ A very faint and lifficult object. 



EQULEUS, YEL EQUI SECTIO (thk uttlk H0E8E, OB the 

hobsk's head). — MAP II. 

234. This Asterism, or small claster of stars, is situated aboat 
7° W. of Enif, in the head of Pegasus, and about half-way 
between it and the Dolphin. It is on the meridian at 8 o'clock, 
on the 11th of October. It contains ten stars, of which the 
four principal are only of the 4th magnitude. These may be 
readily distinguished by means of the long irregular square 
which they form. The two in the nose are much nearer together 
than the two in the eyes : the former being 1° apart, and the 
latter 2^°. Those in the nose are uppermost, being 4® N. of 
those in the eyes. This figure also is in an inverUd position. 
Tnese four stars are situated 10° or 12° S. B. of the diamond 
in the Dolphin's head. Both of these clusters are noticeable on 
account of their figure rather than their brilliancy. 

IIISTOBY. 

This constellation is supposed to be the brother of Pegasus, named Ctffori*, giren by Mer- 
cury to Castor, who was so celebrated for his skill in the management of horses ; others 
take him to be the celebrated horse which Neptune struck out of the earth with his tri- 
dent, when he disputed with Minerva for superiority. The head only of Celeris is 
Tisible, and this, also, is represented in an inverted position. 

TELESCOPIC OBJECTS. 

Four of the principal stars in this little group are double — ^namely, 0, S^ i and A. • /3 
fa rather a star with a companion ; B. A. 21h. 14m. 67s. ; Dee. N. 6* 07' 9'. The other 
three will easily be found from their proximity to 3. 



AQUARIUS (THE Wateb-beabeb).— MAP II. 

235. This constellation is represented by the figure of a 
man pouring out water from an urn. It is situated in the Zodiac, 
immediately S. of the equinoctial, and bounded by the Little 

234. Situation of Eqfileus ? When on the meridian f Number of stan, and how d!fr 
(inguished? What further description ? 
Ifiin'ORY. — What suppositions respecting the origin of Eqtlleus ? 
Tki.e:<coi>ic Ou/BCTd. — What double stars? How found? 
iV*. How is Aquarius reprcwnted? Its bomidariesf 

6* 
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Horse, Pegasas, and the Western Fish on the N., the Whalo n-j 
the E., the Southern Fish on the S. and the Goat on the W. 

236. Aqnarins is now the 12th in order, or last of the 
Zodiacal constellations ; and is the name of the 11th sign in the 
ecliptic. Its mean declination is 14^ S., and its mean right 
ascension 335*^, or 22 hoars, 20 min. ; it being 1 hoar and 40 
niin. W. of the equinoctial colore ; its center is, therefore, on 
the meridian the 15th of October. 

It contains one hundred and eight stars ; of which the foar 
largest are all of the 3d magnitude. 

** HiB head, his shoulders, and his lucid breast. 
Glisten with stars: and where his urn Inclines, 
Rivers of light brighten the watery track." 

237. The northeastern limit of Aquarius may be readily dis- 
tinguished by means of four stars of the 4th magnitude, in the 
hand and handle of the urn, so placed as to form the letter Y, 
very plainly to be seen, 15° S. E. of Enif, or 18° S. S. W. of 
Markab, in Pegasus ; making with the two latter nearly a right 
angle. 

About 43<* W. of the figure is JEZ MMk, a star of the 8d magnitude, in the E. shoulder, 
and the principal one in this constellation. lU* 8. W. of El Melilc, is another star of the 
same magnitude, situated in the W. shoulder, called Sad ea iStmd. 

Ancha, of the 4th magnitude, is in the right side, 8* S. of El Melik. 9* E. of Ancha, is 
another star of the 4th magnitude, whose letter name is Lambda. 

Schtat^ of the 8d magnitude, Ijing below the knee, is situated 8)i* S. of Lambda; and 
14* 8. of Scbeat, the brilliant star Fomalhaut, of between the 1st and 2d magnitudes, 4ier« 
minates the cascade in the mouth of the Southern Fish. This star is common to both 
these constellations, and Is one of those from which the lunar distance is computed for 
ascertaining the longitude at sea. It culminates at 9 o^clock on Uie t2d of October. 

Fomalhaut, Deneh Kaitos, and Alpha in the head of the Phoenix, make a large triangle, 
whose vertex is in Deneb Kaitos. Those two stars of the fourth magnitude, situated 4' 
8. uf Sad es Baud, and nearly the same distance from Ancha, are in the tail of Capricorn. 
They are about 2* apart. The western one is called Deneb Algedi. 

The rest of tlie stars in the cascade are quite small ; they may be traced from the 
letter Y, in the urn, in a southeasterly direction toward the tail of Cetus, f^om which the 
cascade suddenly bends off nenr Scheat, in an opposite course, and finally disappears in 
the mouth of the Southern Fish, 80* S. of Y. 

HISTORY. 

This constellation is the famous Ganymede, a beautiful youth of Phrygia, son of Tros, 
king of Troy, or, according to Lucian, son of Dardanus. He was taken up to heaven by 
Jupiter as he waa tending bis father's flocks on Mount Ida, and became the cap-bearer 
of the gods in place of Hebe. There are various opinions, however, among the ancients 
respecting its origin. Some suppose it represents Deucalion, who was placed among the 
stars after the celebrated deluge of Thessaly, 1500 years before the birth of our Saviour ; 
while others think it designed to commemorate Cecrops, who came from Egypt to Greece, 
founded Athens, established science, and introduced the arts of polished life. 

The ancient Egyptians supposed the setting or disappearance of Aquarius caused the 
Nile to rise, by tlie sinking of his urn in the water. In the Zodiac of the Hebrews, 
Aquarius represents the tribe of Reuben. 

ts order in the signs and constellations T Number and slae of Its stars f 287. How 
Jistinguish the noitlieast limit? What said of El Melik? Of Bad es Baud? Of Ancha, 
Lambda, Scheat, Ac. 

Ht9T'>rt. — Story of Ganymede, and Jupiter? What other myth? Idea of the Egyp 
biin<.f Hebrew S^odiae ? 



PISCES AUSTRjiLlS. I X* 



TELESCOPIC OBJECTS. 

1. a Awf'ARii (Phard) — A star with a minute companion on the Water-bearer's lefP 
ohoulder; U A. 2lh. 57m. 88s.; Dec. S. 1* 06" 07". A 8, pale yellow; B 18, grey; and 
.inother star in the field on a line with A and B. Markab is on a line joining Alphcrata 
nntl Phard, and ai>out half way between them. 

2. a Aquarii (Sad-aZ-melik:) — A star with a companion on the right shoulder ; R. A. 
'21h. 28m. 07s. ; Dec. N. 6* 16' 04'. A 8, pale yellow; B 15, blue. A very delicate oliiJect. 

8. y Aquarii — A delicate but wide doublb star, on the water-pot; R. A. 22h. 13m. 
^8. ; Dec. S. 2* 11' 05'. A 4, greenish tinge ; B 14, purple. It is about 4* east-by-scuth 
from Sad-al-mellk. 

4. C Aquarii — A binary star in the left wrist, about 6* east from Sadalmelik; R. A. 
22h. 20m. 858. ; Dec. S. 0' 50' 02'. A 4, very white; B 4Ht white. 

•\ t' J^qjjAtLU—A. fine double star in the left leg, one third of the way from Fomalhaut 
to ^ Pegasi ; R. A. 22h. 89m. 18s. ; Dec. S. 14* 58' 09*. A 6, white ; B 9)i, pale garnet. 

6. V'' Aquarii — A ooublb star in the stream, being the first of three similar stars 
marked ^i, rjji^ ^3; R. A. 2dh. 07m. 808. ; Dec. 8. 9* 57' 05*. A 6^, orange tint; B 9, sky 
blue. It ib about one-third of the way ft>om Fomalhaut to a Andromedss. Sere. %1 other 
beautiful double stars east of Seheat, in the stream, as shown on the map. 

7. A rxKE GLOBUI.AB CLUSTKB near the neck of Aquarius, about 5* north-half-east from 
0; R. A. 21 h. 28m. 07s.; Dec. S. 6* 16' 04'. A cluster of exceedingly small sUrs, which 
has been likened to ** a heap of fine sand." Several telescopic outliers in the field. Map 
VIU., Fig. 66. 

8. A PLAMBTART KBBULA in the middle of the scarf; R. A. 20h. 65m. 27s. ; Dec. 8. 11^ 
59' 08'. About 12* east of a Capricorni, where a line from the Eagle's tail over 6 AntI* 
noi, and as far again, reaches it. It is bright to its yery disc, and but for its pale blan 
tint, would be a very miniature of Venus. 



PISCES AUSTRALIS (the souTHKiai fish).— MAP 11. 

238. This constellation is directly S. of Aquarius, and is 
represented as a fish drinking the water which Aquarius pours 
from his urn. Its mean declination is 31° S. and its mean right 
ascension and time of passihg the meridian are the same as those 
of Aquarius, and it is seen on the meridian at the same time, 
viz. on the 15th of October. It contains 24 visible stars, of 
which one is of the 1st magnitude, or between the 1st and 2d, two 
are of the 3d, and five of the 4th. The first and most beautiful 
of all is Fomalhaut f situated in the mouth. This is 14° directly 
S. of Scheat in Aquarius, and may be seen passing the meridian 
low down in the southern hemisphere, on the 22d and 23d of 
October. Its position in the heavens has been determined with 
the greatest possible accuracy, to enable navigators to find their 
longitude at sea. 

The mode of doing this cannot be explained here. The proolen is one of some difficulty. 
[t consists in finding the angular distance between some star whose position is well known, 



TxLisoopic Objbcts.— Alpha? Beta? Gamma? Zeta? Tau? Psi? What clcsters, 
and where shown on the map ? What nebula? 

288. Situation of Pisces Australia ? How represented ? When on the meridian ? Num- 
ber of stars ? Magnitude ? The principal star ? How situated ? What use made of it? 
What said of the method of finding the longitude by the moon and stirs? 
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and (Jie moou when At is putslng near It; also, the altitade of each, at the same Instant 
with good sextants. These data furnish the elements of a spherical triangle, the solutiDa 
of which, after yarious intricate corrections, is made to result in the longitude of the given 
place.— &tf note to ArUUt. la 1714, the British Parliament offered a reward of 10,000 
pounds sterling, to any man who should discover a method of determining the longitude 
within 1*, or 60 geographical miles of the truth ; 15,000 pounds to the man who shoul J 
find it within 40 miles, and 20,000 pounds, if found within 80 miles. These rewards in part, 
have been since distributed among eminent mathematicians, in Europe, agreeably to the 
retqtectire merits of their discoveries. 

HISTORY. 

This constellation Is supposed to hare taken its name from the transibrmation of Venus 
mto the shape of a Ash, when she fled, terrified at the horrible advances of the monster 
Typhon, as we have related in the mythology of the Fishes.— (;8iM Fitcet.) 

TELESCOPIC OBJECTS. 

a PiBcn AcmsALW— A first magnitude star with a very distant companion, in the eye 
Af the fish ; B. A. 23h. 48m. 48b. ; Dec. B. 80* 38' 08'. A 1, reddish ; B 8^, dusky Une. 



LAOERTA (the lizabd).— MAP II. 

239. This is a small and obscare modern constellation, between 
the tail of Cjgnus and the head of Andromeda. It has one star 
of the 4th magnitude, eight of the 5th, and a few much smaller. 

240. Between Lacerta and Andromeda a singular looking 
figure appears on the map, called Gloria Frederica; or Frederic's 
Glory. It was inserted among the constellations by Bode, in 
1187, as a compliment to Frederic II., of Prussia. It consists 
of a croton, a laurel^ a sword, and a ^fn, to represent the mon- 
arch, the hero, the sage, and the pacificator. But the constel- 
lation was not recognized by astrqnomers, and, as such, has 
already passed from the heavens. 

TELESCOPIC OBJECTS. 

1 . A neat doublb star on the tip of the Lizard's tail ; R. A. 22h. 11m. S68. ; Dec. M. 
86° 58' 01'. A 6k, pale white ; B 9, Uvid. 

2. A delicate but wide doublk star on the shoulder ; R. A. 23h. 14m. 25s. ; Dec. N. 45* 
43' 08'. A 5, pale yellow ; B 18, orange tint. A line from Polaris carried by the east of 
Cephens tiara, and 11* further, will find it tlie lucida of a fine galaxy field. 

8. A wins nouBLB star near the end of the tail, the southern star of three forming a 
neat triangle ; R. A. 22h. 82m. 058. ; Dec. N. 38* 18' 2'. A 6)$, white ; B 10, violet. 

4. A DKUCATR TRiPLK STAR in the spacc between the Lisard's back and the left hand of 
Andromeda; R. A. 22h. 49m. 06s.; Dec. N. 40* 45' 1*. A 6, bright white; B. 15, pal* 
blue; C 9 )i, reddish ; a fourth star at a distance. A very difllcult ol:ject; claimed by 
some for Andromeda, but usually classed as belonging to the Lixard. 

History. — Supposed origin of this constellation f 

Trlescopio Objbcts. — Alpha? Where situated? 

239. Describe Lacerta. Where situated? 240. Whatother small constellation near V 
By whom inserted, when and why? Of what does it consist? To represent what? Is it 
recognized by astronomers 1 

Trlbsccpio Objbcts. — What double stars in Lacerta? What triple star? Quadruple? 
Cluster ? Any of them shown on the map? 
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5. A QDADRUPLK STAB, the westem one of the three forming the triangle at the end of 
the tail ; R. A. 22h. 29ni. 46s. ; Dec. N. 8S* 43 5'. About 20' northwest of Alpherata. A 
and B 6^, bothVhite ; C 11, greenish; D 10, blue. 

6. A LASOH LOOSB CLDSTiR IB thi Lizard*8 mouth ; R. A. ^.h. 08m. 59s. ; Dec. N. 49* Oft 
1*. Stars from the 9th to the 14th magnitudes* A line carried from Polaris through i\\t 
tiara of Cepheus, auid 8' beyond, strilces it. 



CHAPTER XIII. 



VARIABLE AND DOUBLE STARS— CLUSTERS AND 

NEBULiE. 

241. The periodical variations of brilliancy to which some of 
the fixed stars are subject, may be reckoned among the most 
remarkable of their phenomena. Several stars, formerly distin- 
guished by their splendor, have entirely disappeared ; others are 
now conspicuous which do not seem to have been visible to the 
ancient observers ; and there are some which alternately appear 
and disappear, or, at least, of which the light undergoes great 
periodic changes. Some seem to become gradually more 
obscure, as Ddta in the Great Bear ; others, like Beta in the 
Whale, to be increasing in brilliancy. 

242. Some stars have all at once blazed forth with great splen- 
dor, and, after a gradual diminution of their light, again become 
extinct. The most remarkable instance of this kind is that of 
the star which appeared in 1512, in the time of Tycho Brahe. 
It suddenly shone forth in the constellation Cassiopeia, with a 
splendor exceeding that of stars of the first magnitude, even of 
Jupiter and of Yenus, at their least distances from the earth ; 
and could be seen with the naked eye, on the meridian, in full 
day! Its brilliancy gradually diminished from the time of its 
first appearance, and at the end of sixteen months it entirely 
disappeared, and has never been seen since. (See a more par- 
ticular accov/nt of this phenofneTionf page 35. J 

Another instance of the same Icind was observed in 1604, when a star of the first mag* 
nitude suddenly appeared in the right foot of Ophiuchus. It presented, Hlce the former, 
aU the phenomena of a prodigious flame, l>eing, at first, of a danding white, then of a 
reddish yellow, and, lastly, of a leaden palenes't ; in which its light expired. These 
^stances prove that the stars are suhject to great physical revolutions. {Page (fi) 

243. A great number of stars have been observed whose lig'jt 
seems to undergo a regular periodic increase and diminution. 

S41. What said of the periodical variations of the stars ? 843. What other remarka- 
Hie phenomenon T What instances cited? What do these instances prove ? 343. What 
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They are properly called Varifible Stars. On« in the WhaL: hai/ 
.1 period of 344 days '.ad is remarkable for the magnitude of test 
variations. From ueing a star of the second magnitude, it 
becomes so dim as to be seen with difficulty through powerful 
telescopes. Some are remarkable for the shortness of the period 
uf their variation. Algfd has a period of between two and three 
1 1 ays ; Delta Cephei, of 5|- days ; Beta Lyra, of 6 2-5 days ; 
and Mu Anlinoi, of 7 days. 

The regnlar succession of these yarUttions precludes the sappositioa of rn actoal 
destruction of the stars; neither can the yariations be supposed to arise ftrom a change 
of distance; for, as the stars Invariably retain t^eir apparent places, it would be neces- 
sary to suppose that they approach to, and recede from the earth in straight linet^ 
flrhich is very improbable. The moat probable supposition is, that the stars re vol re, like 
the sun and planets, about an axis. ** Such a motion," says the elder Herschel, ** may 
be as evidently proved, as the diurnal motion of the earth. Dark spots, or large por- 
tions of the surface, less luminous than the rest, turned alternately in certain directions, 
either toward or from us, will account for all the phenomena of periodical changes in the 
loater of th«> fltara,BO iatiafactorily, that we certainly need not look for any other cause.' 

DOUBLE STARS. 

244. On examining the stars with telescopes of considerable 
power, many of them are found to be composed of two or more 
stars, placed contiguous to each other, or of which the distance 
subtends a very minuta angle. Tliis appearance is, probably, in 
many cases, owing solely to the optical effect of their position 
relative to the spectator ; for it is evident that two stars will 
appear contiguous if they are placed nearly in the same line of 
vision, although their real distance may be immeasurably groa* 

STARS OPTICALLT DOUBLE. 

Apparent position. True position 



• A -— — -♦ 

B 

Here Uie observer on the left sees a large and small star at A, apparently near togi* 
(her — the lowest star being much the smallest. But instead of their being situated as 
mey appear to be, with respect to each other, the true position of the smidler star may 
be at B instead of A ; and the difference in their apparent magnitudes may be wholly 
owing to the greater distance of the lower star. 

Upon this sul:tJect Dr. Herschel remarks, that this nearness of the stars to each other, 
In c«;rtain cases, might be attributed to some accidental cause, did it occur only in a few 
instances; but the frequency of this companionship, the extreme closeness, and, in 
many cases, the near equality of the stars so coi^oined, would alone lead to a strokf 
suspicion of a more near and intimate relation than mere casual Juxtaposition. 

245. There are, however, many instances in which the angle 
of position of the two stars varies in such a manner as to indi- 

arc these unsteady stars called f What specimens referred to, and their periods f What 
does this regular succession, Ac, prov?f What theory did Dr. Herschel adopt respect- 
ing the variable stars ? 244. What said of double stars f Are they always really neai 
tncy other T Illustrate on blackboard. Remark of Dr. Herschel? S45. Are thcv 
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cate a revolution about each other and about a common (/Mtr. 
Ill this case they are said to form a Binary system performing to 
each other the office of sun and planet, and are connected 
together by laws of gravitation like those which prevail in the 
solar system. 

The recent observations of Sir John Herachel and Sir James South, have establisIieU th" 
truth of this singular fact beyond a doubt. Motions Imve been detected, so rapid as to 
!>^come measurable within very short periods of time ; and at certain epochs, the satellite 
or leebler star has been observed to disappear, either passing behind or before the primary, 
or approaching so near to it that its light has been absorbed by that of the other. 

246. The most remarkable instance of a regular revolution of 
this sort, is that of Mizar, in the tail of the Great Bear ; in 
which the angular motion is 6 degrees and 24 minutes of a great 
circle, annually ; so that the two stars complete a revolution 
about one another in the space of 58^ years. About eleven 
twelfths of a complete circuit have been ahready described since 
its discovery in 1781, the same year in which the planet Herschel 
was discovered. 

A double star in Ophiuchus presents a similar phenomenon, and 
the satellite has a motion in its orbit still more rapid. Castor 
in the Twins, Gamma Virginis, Zeta in the Crab, Zi Boptis, 
Delta Serpentis, and that remarkable double star 61 Cygni, 
together with several others, amounting to 40 in number, exhi- 
bit the same evidence of a revolution about each other and about 
a common center. (For a more particular description of these 
stars, see Telescopic Objects and the Map.) 

But it is to be remembered that these are not the revolutions of bodies of a planetary 
nature around a solar center, but of sun around sun— each, perhaps, accompanied by its 
train of planets, and Jtheir satellites, closely shrouded from our view by the splendor of 
Uieir respective suns, and crowded into a space bearing hardly a greater proportion to 
the enormous interval which separates them^ than the distances of the satellites of our 
planets from their primaries bear to their distances from the sun itself. 

247. The examination of double stars was first undertaken by 
the late Sir William Herschel, with a view to the question of 
parallax. His attention was, however, soon arrested by the 
new and unexpected phenomena which these bodies presented. 

Sir William observed of them, in all, 2400. Sir James South and Herschel have given ? 
catalogue of 880 In the Transactions of the Royal Society for 1824, and South added 46^ 
in 1826. Sir John Herschel, in addition to the above, published an account of lOOO, before 
he left England for the Cape of Good Hope, where he went to push his discoveries in the 
■outhem hemisphere. Professor Struve, with the great Dorpat telescope, has given a 
catalogue of 8,068 of the most remarkable of these stars. 

Tlie otyect of these catalogues is not merely to fix the place of the star within such limit:< 
us will enable us easily to discover it at any future time, but also to record a description 



*ver really near each other? What motion? What do these constitute? Is it certain 
^Ihat starb are ever thus in motion around a common center ? 246. What remarkablt 
nstance cited? Its annual angular motion? Period? What other binary systems t 
* re these planetary systems like our own ? 247. Who first undertook the examination 
. '.•double stars, and with what view ? What number did he obrerve? Wha*. cat a- 
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of the ftppearADce, positioflf hnd mataal dlsUneei of the individaal stars composing tt%: 
iysteoi, in order that subsequent observers may have the means of detecting their con- 
nected motions, or any changes which they may exhibit Professor Struv j has also taken 
notice of 52 triple stars, among which No. 11 of the Unicom^ 2ieta of O^ncer, and Z» of 
the Bfklance, appear to be ternary aystenu in motion. Quadruple and quintuple stars 
have likewise been observed, which also appear to revolve about a common center of 
gravity ; in short, every region of the heavens furnishes examples of these curious phe* 
uomena. 

COLOR OF THE STARS. 

248. Many of the double stars exhibit the curious and beau- 
tiful phenomenon of contrasted colors, or complimentary tints. Id 
such instances, the. larger star is usually of a ruddy or orango 
hue, while the smaller one appears blue or green, probably in 
virtue of that general law of optics, which provides that when 
the retina is under the influence of excitement by any bright 
colored light, feebler lights, which, seen alone, would produce no 
sensation but that of whiteness, shall for the time appear 
colored with the tint complimentary to that of the brighter. 

Thus, a yellow color predominating in the light of the brighter star, that of the lest 
brigh; one, in the same field of view, will appear blue ; while, if the tint of the brighter 
star verge to crimson, that of the other will exhibit a tendency to green — or even appear 
a vivid green. The former contrast is beautifully exhibited by /oto, in Cancer ; the latter 
by Almaaekf in Andromeda — both fine double stars. If, however, the colored star be 
much the less bright of the two, it will not materially alfect the other, nios, for instance. 
Eta CassiopeisB exhibits the beautiful combination of a large white star, and a small one 
of a rich ruddy purple. 

249. It is not easy to conceive what variety of illumination 
two suns — a red and a green, or a yellow and a blue one— must 
afford to a planet revolving about either ; and what charming 
contrasts and grateful vicissitudes — a red and a green day, for 
instance, alternating with a white one and with darkness — ^might 
arise from the presence or absence of one or the other, or both, 
above the horizon. 

Insulated stars of a red color, almost as deep as that of blood, ocoor In mai^ parts of 
the haavens, but no green or blue star (of any decided hue) has, we believe, ever iKei 
noticed, unassociated with a companion brighter than itself. 



CLUSTERS OF STARS. 

250. When we cast our eyes over the concave surface of the 
heavens in a clear night, we do not fail to observe that there are, 
hero and there, groups of stars which seem to be compressed 
together more densely than those in the neighboring parts ; 
forming bright patches or clusters. 

Agues f Their ohject? What triple stars? Ternary systems f Quadruple stars, Ac 7 
Hd. What said of the c(dor8 of the stars? What law of optics referred tof What illuj> 
'rations f Uit. What remarks respecting red and green suns, Ac. f Of insulated star ^ 
•tf a red color f S5<>. W^at said of clusters f Wliat ipecimen referred to f Pleiades / 
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The Pleiades are an instance of this kind, in which six or 
. ^even stars may be seen in near proximity, by the naked eye •, 
and even more if the eye be turned carelessly upon it; 'for it is a 
remarkable fact that the center of the eye is far less sensible to 
feeble impressions of light, than the exterior portion of the retina. 
Kheita affirms that by the aid of a telescope he counted over 200 
stars in this small cluster. See Map VIII., Fig. 28. 

In the constellation called Coma Berenices there is another group 
more diffused, and consisting of much larger stars. In Cancer 
there is a nebulous cluster of very minute stars, called Prcestpe.^ 
or the Beehive, which is sufficiently luminous to be seen by the 
naked eye, in the absence of the moon, and which any ordinary 
spyglass will resolve into separate stars. In the sword-handle 
of Perseus, also, is another such spot, crowded with stars. It 
requires, however, rather a better telescope to resolve it into 
individual stars. See p. 65, and Map VIII., Fig. 39. 

Whatever be the nature of these clutters, it is certain that other laws of as^regation 
prerail in them, than those which have determined the scattering of stars over the gene- 
ral surface of the sky. Blany of them, indeed, are of an exactly round figure, and con- 
vey the Idea of a globular space filled fUIl of stars, and constituting, in itself, a family or 
society apart, and subj<?ct only to its own internal laws. 

** It would be a vain task," says the younger Uerschel, " to attempt to count the stars 
In one of these globular clusters. They are not to be reckoned by hundreds ; for it would 
appear that many clusters of this description must contain, at least, ten or twenty thou- 
p%nd stars, compacted and wedged together in a round space, not more than a tenth part 
as la '^ as that which is covered by the moon. 



NEBUI.iE. 

. 251. The Nebula, so called from their dim, cloudy appearance, 
form another class of objects which furnish matter for curioug 
speculation and conjecture respecting the formation and struc- 
ture of the sidereal heavens. When examined with a telescope 
of moderate powers, the greater part of the nebulae are dis- 
tinctly perceived to be composed of little stars, imperceptible to 
the naked eye, because, on account of their apparent proximity, 
the rays of light proceeding from each are blended together, in 
such a manner as to produce only a confused luminous appear- 
ance. 

In other nebula, however, no individual stars can be perceived, even through the best 
telescopes ; and the nebulsB exhibit only the appearance of a self-luminous phosphores* 
cent patch of gaseous vapor, though it is possible that even in this case, the appearance 
may be owing to a congeries of stars so minute, or so distant, as not to afford, singly, 
■nfficient light to make an impression on the eye. 

Rematksupon their cature and the laws that govern them? Remarks of Herschelf 
261. What are nebula^ and why so called f How appear tbrough telescopes? Are they 
all resolvaUe into stars ? 
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252. One of the most remarkable nebulse is in the sword- 
Laudie of Oriou. It is formed of little flocky masses, like wisps 
of clond/which seem to adhere to many small stars at its out- 
skirts. It is not very unlike the mottling of the sun's disc, but 
of a coarser grain, and with darker intervals. These wisps of 
light, however, present no appearance of being composed of 
small stars ; but in the intervals between them, we fancy that 
we see stars, or that, could we strain our sight a little^ more, we 
should see them. These intervals may be compared to openings 
in the firmament, through which, as through a window, we seem 
to get a glimpse of other heavens, and brighter regions, beyond. 
See page 45, and Map VIII., Fig. 32. 

253. Another very remarkable' nebula is that in the girdle of 
Andromeda, which, on account of its being visible to the naked 
eye, has been known since the earliest ages of astronomy. It is 
often mistaken for a comet, by those unacquainted with the 
heavens. See page 20, and Map VIII., Fig. 22. 

Marina, who noticed it in 1611, describes its appearance as that of a candle shining 
throitf h horn ; and the resemblance is certainly very striking. Its form is a long oval, 
increasing, by insensible gradations of brightness, from the circumference to a central 
l>oint, which, thoogh very much brighter than the rest, is not a star, but only a nebula in 
a high state of condensation. It occupies an area comparatively large— equal to that 
of the moon in quadrature. Tliis nebula may be considered as a type, on a lax^e scale, 
of a very numerous dass of nebulss, of a round or OTal figure, increasing more or l«w *«i 
density toward the center. 

254. Annular iubuLg are those in the form of a ring, bat are 
among the rarest objects in the heavens. The most conspicuous 
of this class is to be found exactly half-way between the stars 
Beta and Gamma Lyrae, and may be seen with a telescope o^ 
moderate power. It is small, and particularly well defined , 
appearing like a flat oval ring. The central opening is not 
entirely dark, but is filled with a faint, hazy light, uniformly 
spread over it, like a fine gauze stretched over a hoop. 

255. FUiiietary iiebtUa are very extraordinary objects. They 
have, as their name imports, the appearance of planets, with 
round or slightly oval discs, somewhat mottled, but approaching, 
in some instances, to the vividness of actual planets. Some of 
them, upon the supposition that they are equally distant from us 
with the stars, must be of enormous magnitude. That one, for 
instance, which is situated in the left hand of Aquarius, must 



i52. What remarkable nebula mentioned? Describe it? Point out on the map. 
2W. What other? How long known, and why? Show on the map. How described by 
M irius? lis. form and extent? How considered? 254. What AreAn^itUar N^ulai 
.if they common? What specimen referred to? 256. Planetary nebulae? Th<»ii 
jharHCter and magaitule ? Specimen ? Stellar neltulsB ? General remarks revpcet iii|! 
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Lave a volume vast enough, upon the lowest computation, to fill 
the whole orbit of Herschel 1 

In some instances a nebala presents tlie appearance ^f a faint, 
, luminous atmosphere, of a circular form, and of large extent, 
surrounding a central star of considerable brilliancy. These are 
denominated Stellar Nebula. 

The nebulae ftimish an inexhaoatible field of speculation and conjectare. That by far 
the larger namber of them ctoosista of stars, there can be little doubt ; and in the inter* 
tniiiable range of system upon lyflftem, and firmament upon firmament, which we thus 
catch a glimpM of, the imajgination is bewildered and lost. Sir William Herschel con^ 
jectured that the nebulae might form the material out of which nature elaborated new 
guns and systems, or replenished the wasted light of older ones. Bat the little we know 
of the physical constitution of these sidereal masses, is altofrether inaaAcient to warrant 
Buch a conclusion. (For a Spiral Nebula recentlj dlMOvered by Lord Bosse, see Hap IX. 
Fig. 68.) 



CHAPTER XIV. 

VIA LAOTEA (the milky-wat). 

" Throughout the Gktlaxy** extended line, 
Unnumber'd orbs in gay confusion shine : 
Where every star that gilds the gloom of night 
With the faint tfemblinga of a distant light. 
Perhaps illumes some system of its own, 
With the strong influence of a radiant sua." — Mrfi, Carter. 

256. The Via Lagtea, or Milky- Way, is that luminous zone 
or pathway of singular whiteness, varjdng from 4° to 20° in 
width, which passes quite around the heavens. The Greeks 
called it Galaxy, on account of its color and appearance : the 
Latins, for the same reason, called it Via Lactea, which, in our 
tongue, is Milky- Way. 

Of all the objects which the heavens exhibit to our view, this fills the mind with tho 
most indescribable grandeur and amaiement. When we consider what unnumbered 
millions of mighty suns compose this stupendous girdle, whose distance Is so vast that 
the strongest telescope can hardly separate their mingled twilight into distinct specks, 
and that the most contiguous of any two of them may be as far asunder as our sun ia 
from them, we fall as far short of adequate language to express our ideas of such immen- 
uity, as we do of instruments to measure Its boundaries. 

257. It is one of the achievements of astronomy that has 
resolved the Milky-Way into an infinite number of small stars, 
whose confused and feeble luster occasions that peculiar white- 
ness which we see in a clear evening, when the moon is absent. 
It is also a recent and well-accredited doctrine of astronomy, 

the Nebulae? Sir Wm. Herichers conjecture? 256. What is the Via Lactea? Its 
Greek name? What said of its magnificence and grandeur? 357. What s«id of the 
achievements of astronomy t Its doctrine respecting the structure of the oriverj i ' 
Of tbe sun, and its relation to the fixed stars? 
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that all the stars in the aniverse are arranged into clusters, 01 
^oups, which are called Nebula or Starry Systems, each of 
which consists of myriads of stars. 

The fixed fUr which we eaD ook Svh, belongs, it Is said, to that eztensiTe nebula, the 
Uilky-Waj; and although apparently at sach an inmeasurable distance from its feiiowa 
la, doubtleas, as near to any one of them, as they are to one another. 

258. Of the nnmber and economy of the stars which compose 
this group, we have very little exact knowledge. Dr. Herschel 
informs us that, with his best glasses, he saw and counted 588 
stars in a single spot, without moving his telescope ; and as the 
gradual motion of the earth carried these out of view and intro- 
duced others successively in their places, while he kept his tele- 
scope steadily fixed to one point, " there passed over his field 
of vision, in the space of one quarter of an hour, no lest than 
one hundred and sixteen thousand stars, and at another time, in 
forty-one minutes, no less than two hvmdred amd ffty-eight thou- 
sand:' 

In all parta of the Milky-Way he found the stars nnequally dispersed, and appearing 
to arrange themselres into separate clitsters. In the small space for example, between 
Beta and Sad*r, in Gygni, the stars seem to be clostering in two divisions ; each division 
conta ning upwards of one hundred and sixty-five thousand stars. At other observations, 
when examining a section of the Milky-Way, not apparently more than a yard in breadth, 
and six in length, he discovered ^ty thouaana stars, large enough to be distinctly 
eodntsd ; and he suspected twice as many more, which, for want of sufficient light in hia 
telescope, he saw only now and then. 

259. It appears from numerous observations, that various 
changes are taking place among the nebulae — that several nebu- 
lae are formed by the disolution of larger ones, and that many 
nebulse of this kind are at present detaching themselves from 
the Milky-Way. In that part of it which is in the body of 
Scorpio, there is a large opening, about 4° broad, almost desti 
tute of stars. These changes seem to indicate that mighty 
movements and vast operations are continually going on in the 
distant regions of the universe, upon a scale of magnitude and 
grandeur which baffles the human understanding. 

More than two thousand five hundred nebulsB have already been observed ; and, if 
oach of them contains as many stars as the Milky-Way, several hundreds of millions of 
stars must exist, even within that portion of the heavens which lies open to our obser- 
vation. 

** what a confluence of ethereal fires. 
From urns unnumter*d down Uie steep of heaven 
Streams to a point, and centers on my sight." 

260. Although the Milky-Way is more or less visible at all 
seasons of the year, yet it is seen to the best advantage durln 
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the montha of July, August, September, and October. When 
Lyra is on, or near the meridian, it may be seen stretching 
obliquely over the heavens from northeast to southwest, gradu 
ally moving over the firmament in common with other constel- 
lations. (For views of our cluster, see Map IX.,Figs. 69, TO, 71.) 

Its form. Irreadth and appearance are TarioiUf in different parts of its coarse. In some 
places it is dense and luminous ; in others, it is scattered and faint. Its breadth is often 
not more than Ave degrees ; thou{*h sometimes it is ten or fifteen degrees, and even 
twenty. In some places it assumes a double path, but for the most part it is single. 

It may be traced in the heavens, beginning near the head of Cepheus, about 80* from 
the north pole, through the constellations Cassiopeia, Perseus, Auriga, and part of Orion 
and the feet of Ocminif where it crosses the Zodiac ; thence over the equinoctial into 
the southern hemisphere, through Monoceros, and the middle of the ship Argo, where it 
is most luminous, Charles' Oak, the Cross, the feet of the Centaur, and the Altar. Here 
it is divided into two branches, as it passes over the 2Sodiac again into the northern hem- 
isphere. One branch runs through the tail of Scorpio, the bow of Sagittarius, the shield 
of Subieski, the feet of Antinous, Aquila, Delphinus, the Arrow and the Swan. Th<; other 
branch pasaes through the upper part of the tail of Scorpio, the side of Serpentarius, 
Taurus Poniatowskii, the Goose and the neck of the Swan, where it again unites with tho 
other branch, and passes on to the head of Oepheus, the place of its beginning. 

Some of the pagan philosophers maintained that the Milky- Way was formerly the 8un*i 
path, and that its present luminous appearance is the track which its scattered beams 
left visible in the heavens. 

The ancient poets, amd even phQosophers, speak of the Galaxy, or Milky- Way, as the 

Sath which their deities used in the heavens, and which led directly to the throne of 
upiter. Thus, Ovid, in his Metamorphoses, Book i. : — 

** A way there is in heaven's extended plain. 
Which, when the skies are clear, is seen below, 
And mortals, by the name of Milky, know; 
The groundwork is of stars, through which the road 
Lies open to the Thunderer's abode." 

Milton alludes to this in the ftdlowing lines : — 

" A broad and ample road, whose dust is gold. 
And pavement, stars, as stars to tiiee appear. 
Seen in the Galaxy, that Milky-Way, 
Which nightly as a circling lone, thou leest 
Powdered with start.** 



CHAPTER XV. 

ORIGIN OF THE CONSTELLATIONS. 

261. The science of astronomy was cultivated bj the imme- 
diate descendants of Adam. Josephus informs us that the sons 
of Seth employed themselves in the study of astronomy ; and 
that they wrote their observations upon two pillars, one of brick 
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1*111 the other of stone,'*' in order to preserve them i^gainst the 
destruction which Adam had foretold should come upon the earth. 

He ftlao relates, that Abraham aripaed the unity and power of God, from the orderly 
30Qr*e of thlngt buth at sea and land. In their times and seasons, and from his observa- 
tion« upon the motions and Influences of the sun, moon and stars ; and that he read lee- 
tures In astronomy and arithmetic to the Egyptians, of wluch they anderstood nothing 
till Abraham brought these sciences from Ghaldea to Vgypt ; from whence they passed to 
the U reeks. 

262. Berosus also observes that Abraham was a great and jast 
man, and famous for his celestial observations ; the making of 
which was thought to be so necessary to the human welfare, that 
he assigns it as the principal reason of the Almighty's prolong- 
ing the life of man. 

This ancient historian tdla as,' in his account of the longevity of the antediluviar.A, 
that ProTidenee foond it necessary to prolong man's days, in order to promote the study 
and advancement of vlrtae, and the improvement of geometry and astronomy, which 
required, at least, six hundred years for making and perfecting observations.t 

263. When Alexander took Babylon, Calisthenes found thai 
the most ancient observations existing on record in that city, 
were made by tlie Chaldeans about 1903 years before that period, 
which carries us back to the time of the dispersion of mankind 
by the confusion of tongues. It was 1500 years after this that 
the Babylonians sent to Hezekiah, to inquire about the shadow's 
going back on the dial of Ahaz. 

It is, therefore, very probable that the Chaldeaiis and Egyptians were the original 
liiirentorB of astronomy; but at what period of the world they marked out the heavens 
Into constellations, remains in uncertainty. La Place fixes the date thirteen or fourteen 
hundred years before the Christian era, since it was about this period ttiat Budoxus con- 
structed the first celesUal sphere upon which the constellations were delineated. Sir 
Isaac Newton was of opinion, that all the old constellations related to the Argonautic 
expedition, and that they were invented to commemorate the heroes and events of tha^ 
memorable enterprise. It should be remarked, however, that while none of the ancient 
constellations refer to transactions of a later date, yet we have various accounts of them 
of a much higher antiquity than that event. 

264. Some of the most learned antiquarians of Europe have 
searched every page of heathen mythology, and ransacked all 
the legends of poetry and fable for the purpose of rescuing this 
subject from that impermeable mist which rests upon it, and 
tliey liave only been able to assure us, in general terms, that 
they are Chaldean or Egyptian hieroglyphics, intended to per- 
petuate, by means of an imperishable record, the memory of the 
times in which their inventors lived, their religion and manners. 



lim- " 



* Josephus afltrms, that **he saw himself that of stone to remain in Syria in his ow 

me." 

t Vince's Complete System of Astronomy, Vol. ii. p. 244. 

What proof? What said of Abraham? 262. What further proof? What .reason 
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What conclusion from this discovery? La Place's date of the origin of the constcUa 
ticcs? Sir Isaac Newton*8 opinion? Remark? 364. What researches, and wba 
rtHulU? 
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their achievements in the arts, and whatever in thei; history was 
Tiost worthy of being commemorated. There was, at least, a 
moral grandeur in this idea ; for an event thus registered, a 
custom thus canonized, or thus enrolled among the stars, must 
needs survive all other traditions of men, and stand forth in per- 
petual characters to the end of time. 

265. In arranging the constellations of the Zodiac, for instance, 
it would be natural for them, we may imagine, to represent 
those stars which rose with the sun in the spring of the year, by 
such animals as the shepherds held in the greatest esteem at that 
heason ; accordingly, we find Aries, Taurus, and Gemini, as the 
symbols of March, April, and May. 

266. When the sun enters the sign Cancer, at the summer 
solstice, he discontinues his progress towards the north pole, and 
begins to return towards the south pole. This retrograde mo- 
tion was fitly represented by a Crab, which is said to go back- 
ward. The sun enters this sign about the 22d of June. 

The heat which usually follows in the next month was reprb> 
sented by the Lion ; an animal remarkable for its fierceness, 
and which at this season was frequently impelled by thirst to 
leave the sandy desert, and make its appearance on the banks 
of the Nile. 

267. The sun entered the sixth sign about the time of harvest, 
which season was therefore represented by a Virgin, or female 
reaper, with an ear of corn in her hand. 

At the autumnal equinox, when the sun enters Libra, the 
days and nights are equal all over the world, and seem to 
observe an equilibrium or balance. The sign was therefore 
represented under the symbol of a pair of Scales. 

268. Autumn, which produces fruit in great abundance, brings 
with it a variety of diseases, and on this account was represented 
by that venomous animal, the Scorpion, which, as he recedes,' 
wounds with a sting in his tail. The fall of the leaf, was the 
season for hunting, and the stars which mark the sun's path at 
this time were represented by a huntsman, or archer, with his 
arrows and weapons of destruction. 

The Goat, which delights in climbing and ascending some 
mountain or precipice, is the emblem of the winter solstice, when 
the sun begins to ascend from the southern tropic, and gradually 
to increase in height for the ensuing half year. 



S66. Origin of Aries, Tatinu, and Gemini? 266. Of Cancer and Leo 36T. O' 

Virgo aud Libra f 368. O^ Scorpio and Capricorn ? 
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269. Aquarius, or the Water- Bearer, is represented by thi 
tigare of a man pouring oat water from an am, an emblem of 
the dreary and uncomfortable season of winter. 

The last of the zodiacal constellations was Pisces, or a couple 
of fishes, tied back to back, representing t4ie fishing season. 
The severity of winter is over ; the flocks do not afford soste- 
nauce, bat the seas and rivers are open and aboand with fis^h. 

** Thus monitroas forms, o*er hearen's nocturnal aroh, 
Seen by the sage, In pomp celestial march ; . 
See Aries there his glittering bow unfold, 
And raging Taurus toss his horns of gold ; 
With bended bow the sullen Archer lowers, 
And there Aquarius comes with all his snowert ; 
Lions and Centaurs, Qorgons, Hydras rise, 
And gods and heroes blase along the skies.** 

WhateTer may have led to the adoption of these rude names at ilrst, they are now 
retained to avoid confusion. 

The early Greeks, however, displaced many of the Chaldean constellations, and 5ub> 
stituted such images In thsir place as had a more special reference to their own history. 
The Romans %lso pursued the same course with regard to thetr history; and hencs the 
contradictory accounts that have descended to later times. 

270. Some, moreover, with a desire to divest the science of 
the stars of its pagan jargon and profanity, have been induced 
to alter both the names and figures of the constellations. In 
doing this, they have committed the opposite fault ; that of 
blending them with things sacred. 

The "venerable Bede," for example, instead of the profane 
names and figures of the twelve constellations of the Zodiac, 
substituted those of the twelve apostles, Julius Schillerius, fol- 
lowing his example, completed the reformation in 1627, by giv- 
ing Scripture names to all the constellations in the heavens. 

Weigelius, too, a celebrated professor of mathematics in the University of Jena, made 
-\ new order of constellations, by converting the firmament into a (XBLUM hkiuldicum, in 
which he introduced the arms of all the princes of Europe. But astronomers, generally, 
never approved of these innovations ; and for ourselves, we had as lief the sages and 
heroes of antiquity should continue to enjoy their flanced honors in the sky, as to m^ 
^ their places supplied by the princes of Europe. 

271. The number of the old constellations, including those of 
the Zodiac, was only forty-eight. As men advanced in the 
knowledge of the stars, they discovered many, but ehiefly in 
southern latitudes, which were noc embraced in the old constel- 
lations, and hence arose that mixture of ancient and modcri 
aames which we meet with in modern catalogues. 

272. Astronomers divide the heavens into three parts, called 
the Northern and Southern Hemispheres, and the Zodiac. In the 



869. Of Aquarius and Pisces? Course of the Greeks and Romans, in displacing cor 
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northern hemisphere, astronomers usually reckon thirty-four cou- 
Rtellations, in the Zodiac twelve, and in the southern hemisphere 
forty-seven ; making in all ninety-three. Besides these, there 
are a few of inferior note, recently formed, which are not con- 
sidered sufficiently important to be particularly described. 

273. About the year 1603, John Bayer, a native of Germany, 
invented the convenient system of denoting the stars in each 
constellation by the letters of the Greek alphabet, applying to 
tlie largest star the first letter of the alphabet ; to the next 
largest the second letter, and so on to the last Where there 
are more stars in the constellation than there are^ Greek letters, 
the remainder are denoted by the letters of the Roman alphabet, 
and sometimes by figures. 

By this system of notation, it is now as easy to refer to any particular star in the 
^leavens, as to any particular house In a populous cUy, by its street and number. Before 
this practice was adopted, it was customary to denote the stars by referring them to 
their respective aituaUans in thejigure of the' constellation to which they severally 
belonged, as the head, the arm, the foot, Ac. 

It is hardly necessary to remaric that these figures, which are all very curiously depicted 
apon artificial globes and maps, are purely a fanciful invention — answering many con- 
venient ends, however, for purposes of reference and classification, as they enable us to 
designate with facility any particular star, or cluster of stars ; though these clusters 
very rarely, if ever, represent the real figures of the objects whose names they bear. 
And yet it is somewhat remarlcable that the name of " Great Bear," for instance, should 
have been given to the very »ime constellation by a nation of American aborigines (the 
Iroquois), and by the most ancient Arabs of Asia, when there never had been any com- 
munication between them 1 Among other nations, also, between whom there exists no 
evidence of any intercourse, we find the Zodiac divided into the same number of constel< 
latiuns, and these distinguished by nearly the same names, representing the twelve 
montlis, or seasons of the year. 

274. The constellations, or the uncouth figures by which they 
are represented, are a faithful picture of the ruder stages of 
civilization. They ascend to times of which no other record 
exists ; and are destined to remain when all others shall be lost. 
Fragments of history, curious dates and documents relating to 
chronology, geography and languages, are here preserved in 
imperishable characters. 

The ailventures of the gods, and the inventions of men, the exploits of heroes, and 
the fancies of poets, are here spread out in the heavens, and perpetually celebrated before 
all nations. The Seven stars, and Orion, present Uiemselves to ns, as they appeared to 
Amos and Homer: as they appeared to Job, more than 8000 years ago, when the 
Almighty demanded of him — '* Knowest thou the ordinances of heaven f Canst thou 
bind the sweet influences of the Pleiades, or loose the bands of Orion ? Canst thou 
bring forth Hazzaboth in his season, or canst thou guide Abctorus with h}s sons?" 
Here, too, are consecrated the lyre of Orpheus and the ship of the Argonauts ; and, in 
the same firmament, glitter the Mariner's Compass and the Telescope of Uerschel. 

mers divide the constellations? Number in each division? Total? What ethers. 
278. John Bayer's Invention ? Utility of it ? How before it was adopted ? What remark 
respecting the figures on maps and globes, and their use? What remarla^Me faclfl 
stated f 874. Historical use of the constellations? niustrationsf 
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CHAPTER XVI. 

NUMBER, DISTANCE AND ECONOMY OF TELE STARS. 

275. The first conjecture in relation to the distance of the 
Axed stars is, that thej are all placed at an equal distance from 
the observer, upon the visible surface of an immense concave 
vault, which rests upon the circular boundary of the world, and 
which we call the FirTnament. We can, with the unassisted eye, 
form no estimate of their respective distances ; nor has the tele- 
scope yet enabled us to arrive at any exact ^results on this sub- 
ject, although it has revealed to us many millions of stars that 
are as far removed beyond those which are barely visible to the 
naked eye, as these are from us. 

Viewed through the telescope, the heayens become qaite another spectacle— not only 
to the onderatandlng but to the senses*^ New worlds burst upon the sight, and old ones 
expand to a thousand times their former dimensions. Seyeral of those little stars which 
but feebly twinlcle on the unassisted eye, become immense globes, with land and water, 
mountains and valleys, encotnpHSsed by atmospheres, enlightened by moons, and diver- 
sified by day and night, summer and winter. 

Beyond the^e are other suns, giving light and life to other systems, not a thousand, or 
two thousand merely, but multiplied without end, and ranged all around us, at immense 
distances from, each other, attended by ten thousand times ten thousand worlds, all in 
rapid motion ; yet calm, regular and harmonious — ^ali space seems to be illuminated, and 
every particle of light a world. 

276. It has been computed that one hundred millions of stars 
which cannot be discerned by the naked eye, are now visible 
through the telescope. And yet all this vast assemblage of suns 
and worlds may bear no greater proportion to what lies beyond 
the utmost boundaries of human vision, than a drop of water to 
the ocean ; and, if stricken out of being, would be no more 
missed, to an eye that could take in the universe, than the fall 
of a single leaf from the forest. 

We should therefore learn, says Dr. Chalmers, not to look on oar earth as the universo 
of God, but as a single, insignificant atom of it; that it is only one of the many mansions 
which the Supreme Being has created for the accommodation of his worshipers ; and 
(hat he may now be at work in regions more distant than geometry ever measured, creat- 
ing won is more manifold than numbers ever reckoned, displaying his goodness, and 
spreading over all the intimate visitations of his care. 

27 T. The immense distance at which the nearest stars are 
known to be placed, proves that they are bodies of a prodigious 
size, not inferior to our sun^ and that they shine, not by reflected 
rays, but by their own native light. It is therefore concluded, 

275. What is the first conjecture as to the distance of the stars f Can we form no jusi 
bstimate ? What said of the heavens when seen through a telescope f 276. What 
computation as to the number of stars invisible to the naked eye, but visible through 
tol(3Bcof.t!e ? Is this probably the whole universe f Remark of Ohalmers f 277 . Wliit* 
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with good reason, that every fixed star is a sun, no less spacious 
than ours, surrounded by a retinue of planetary worlds, which 
revolve around it as a center, and derive from it light and heat, 
and the agreeable vicissitudes of day and night. 

These vast globes of light, then, could never have been designed merely to diversify 
the voids of infinite space, nor to shed a few glimmering rays on our far distant world, 
for the amusement of a few astronomers, who, but for the most powerful telescopes, had 
never seen the ten thousandth part of them. We may therefore rationally conclude, tha; 
tohereoer the All-wise Creator has exerted his creative power, there also he has placed 
Intelligent beings to adore his goodness. 

278. The greatest possible ingenuity and pains have been 
taken by astronomers to determine, at least, the approximate 
distance of the nearest fixed stars. If they have hitherto been 
unable to arrive at any satisfactory result, they have, at least, 
established a limit beyond which the stars must necessarily be 
placed. If they have failed to calculate their true distances 
from the earth, it is because they have not the requisite data. 
The solution of the problem, if they had the data, would not be 
more difficult than to compute the relative distances of the 
planets — a thing which any schoolboy can do. 

In estimating so great a distance as the nearest fixed star, it is necessary that we 
employ the longest measure which astronomy can nse. Accordingly, we take the whole 
diameter of the earth's orbit, which, in round numbers, is 190 millions of miles, and 
endeavor, by a simple process in mathematics, to ascertain how many measures of this 
length are contained in the mighty interval which separates us from the stars. 

The method of doing this can be explained to the apprehension of the pupil, if he does . 
not shrink from the illustration, through an idle fear that it is beyond his capacity. 

For example ; suppose that, with an instrument constructed for the purpose, we should 
this night take the precise bearing or angular direction from us of some star in the 
northern hemisphere, and note it down with the most perfect exactness, and, having 
waited just six months, when the earth shall have arrived at the opposite point of its 
orbit, 190 millions of miles east of the place which we now occupy, we should Uien repeat 
onr observation upon the same star, and see how much it had changed its position by 
our traveling so great a distance one side of it. Now, it is evident, that if it changes its 
apparent position at aU, the qtumUty of the change will bear some proportion to the 
distance gone over ; that is, the nearer the star, the greater the angle ; and the more 
remote the star, the leas the angle. It is to be observed, that tiie angle thus four^l, If 
called the star's An/nual ParaUaso, 

279. But it is found by the most eminent astronomers of the 
age, and the most perfect instruments ever made, that the paral- 
lax of the nearest stars does net exceed thefottr thousandth part 
of a degree^ or a single second ; so that, if the whole great orbit 
of the earth were lighted up into a globe of fire 600 millions of 
miles in circumference, it would be seen by the nearest star only 
as a twinkling atom ; and to an observer placed at this distance, 

proof that the stars are large bodies? What conclusion, therefore? What other 
biference ? 278. What effort to determine the distances of the stars ? What results ? 
What necessary in estimating the distances of the stars f What measure taken ? De 
■cribe the process of determining the distance of the stars by parcUkuo. 279. Wha 
10 the parallax of the stars found to be, and what follows as a consequence Y What 
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plan, that although they do not act physicallj upon us, yet tliey 
should 80 far be objects of our perception, as to expand our ideiis 
cf the vastness of the universe, and of the stupendous extout 
and operations of his omnipotence. 

"With theM facts before us/* says an eminent astronomer and divine, " it iti most rear 
sonable to conclude, that those expressions in the Mosaic history of Creation, whicii 
relate to the creation of the fixed stars, are not to be understood as referring to the tlm-e 
wlien they were broai^t into existence, as if they had been created about the same time 
with our earth ; but as simply declaring tiie fact, that, at whatever period in duration 
they were created, they derv^d their eooistenee from OodJ** 

285. "That the stars here mentioned" {Gen, i. 16), says a 
distinguished commentator, "were the planets of our system, 
and not the £xed stars, seems a just inference from the fact, that 
after mentioning them, Moses immediately subjoins, 'And 
Elohim set them in the firmament of the heayen to give h'ght 
upon the earth, and to rule over the day and over the night ;' 
evidently alluding to Yenus and Jupiter, which are alternately 
our morning and evening stars, and which * give light upon the 
earth,' far surpassing in brilliancy any of the fixed stars." 

However vast the universe now appears, however numerous the worlds which may 
exist within its boundless range, the language of Scripture, and Scripture alone, is suffi- 
ciently comprehensive and sublime to express all the emotions which naturally arise in 
the mind when contemplating its structure. This shows not only the harmony which 
subsists between the discoveries of thQ Revelation and the discoveries of Science, but 
aUo forms, by itsell^ a strong presumptive evidence, that the records of the Bible aro 
auUientic and divine. 

286. We have hitherto described the stars as being immov- 
able and at rest ; but from a series of observations on double 
stars, Dr. Herschel found that a great many of them have 
changed their situations with regard to each other ; that some 
perform revolutions about others, at known and regular periods, 
and that the motion of some is direct, while that of others is 
retrograde ; and that many of them have dark spots upon theii 
surface, and turn on their axes, like the sun. 

287. A remarkable change appears to be gradually taking 
place in the relative distances of the stars from each other in 
the constellation Hercules. The stars in this region appear to 
be spreading farther and farther apart, while those in the oppo- 
site point of the heavens seem to close nearer and nearer together, 
in the same manner as when walking through a forest, the tree:- 
toward which we advance appear to be constantly separating 
while the distance between those which w« leave behind is grf 
dually contracting. 

by sight? How %ro we to understand Moses as to the time of the creation of the stars t 
885." What meant by the " stars" mentioned Gen. l., 16? What proof? Remark respoot- 
li)g the Scriptures? 2S€. How have the stars been described hitherto? Wliat is the 
fact? 9-87. What example cited ? What astonishing conclusion ? 



NL'MBBKy DISTANCE, AND ECONOMY OF THE STAR8. L5 i 

• 

From thif appearance it Ib conoladed, that the fan, with all its retinae of planutary 
vrortds, is moving throNigh the regions of the anirerse, towurd some distant center, or 
firottnd some wide circumference at the rate of near thirty thousand miles an hour ; and 
that it is therefore highly probable, if not absolutely certain, that we shall never occupy 
that portion of ctbtohUe spaoA, through which we are at this moment passing, durinfr 
ull the succeeding ages of eternity. 

288. The direction of the Sun's motion is towards the constel- 
lation of Hercnles ; R. A. 259^ ; Dec. 35°. This velocity 
in space is estimated at 8 miles per second, or 28,000 miles 
per hoar. His period is abont 18,200,000 years ; and the 
arc of his orbit, over which he has ti^ayeled since the creation 
of the world, amounts to only about jVitt^^ P^^^ ^^ ^ orbit, or 
about t minutes — an arc so small, compared with the whole, as 
to be hardly distinguishable from a straight line. 

With this wonderfyil fact in view^ we may no longer consider the son as fixed and sta- 
tionary, but rather as a vast and luminous j>buMC, sustaining the same relation to some 
central orb that the primary planets sustain to him, or that the secondaries sustain to 
their primaries. Nor is it necessary that the stupendous mechanism of nature should be 
restricted even to these sublime proportions. The^un*s central body may also have its 
orbit, and its center of attraction and motion, and so on, till, as Dr. Dick observes, we 
come to the great center of all — to the thbovb or Odd I 

Professor Madler, of Dorpat, in Russia, has recently announced as a discoveiy that 
»he star Alcyone one of the seven stars, is the center around which the sun and solar 
Mystem are revolving. 

289. Dr. Dick, the author of the Christian Philosopher, 
eudeayors to convey some idea of the boundless extent of the 
universe, by the following sublime illustration : — 

'^ Suppose that one of the highest order of intelligences is 
endowed with a power of rapid motion superior to that of light, 
and with a corresponding degree of intellectual energy ; that he 
has been flying without intermission, from one province of crea- 
tion to another, for six thousand years, and will continue the 
same rapid course for a thousand million years to come, it is 
highly probable, if not absolutely certain, that, at the end of this 
vast tour, he would have advanced no farther than the ' sub- 
urbs of creation,' — ^and that all the magnificent systems of mate- 
rial and intellectual beings he had surveyed, during his rapid 
flight, and for such a length of ages, bear no more proportion to 
the whole empire of Omnipotence, than the smallest grain of 
sand does to all the particles of matter contained in ten thousand 
worlds." 

Were a seraph, in prosecuting the tour of creation In the manner now stated, ever tti 
arrive at a limit beyond which no farther displays of the Divinity could be perceived, the 
thought would overwhelm his faculties with unutterable emotions ; he would feel that he 
had now, io some measure, comprehended all the plans and operations of Omnipotence, 
and that no farther manifestation of the Divine glory remained to be explored. But w( 
lUHy rest assured that this can never happen in the case of any created intelligence. 



'28S The direction and velocity of the sun ? Period ? Arc of orbit passed over stnce 
r-f :ition ? How, then, should we consider the sun? View of the universe? Discoveiy 
of I'.ofi'ssor Madler? 889. Dr. Dick*s illustrations ? 



154 ASTRONOMY. 

290. There is, moreover, an argument deriTable from iLe 
laws of the physical world, that seems to strengthen, I had 
almost said, to confirm, this idea of the Infinity of the material 
universe. It is this — If the number of stars be finite, and 
ocenpy only a part of space, the outwai*d stars would be con- 
tinually attracted to those within, and in time would unite in 
one. But if the number be infinite, and they occupy an infinite 
.<:pace, all parts would be nearly in eqnilibrio, and consequently 
each fixed star, being equally attracted in every direction, would 
keep its place. 

No wonder, then, that the Psalmiftt iraa so affected with the idea of the immensity tft 
the oniverse, that hie seems almost afraid lest he should he overlooked amidst the immen- 
sity of beings that most needs be under the superintendence of God ; nor that any finite 
mortal should exclaim, when contemplating the heavens—^* What is man, that THOO 
art mindftil of him I" 



CHAPTER XVII. 

Fi^LLING, OR SHOOTING STARS. 

291. The pht;nomenon of shooting stars, as it is called, is com- 
mon to all parts of the earth ; but is most frequently seen in 
tropical regions. The unerring aim, the startling velocity, and 
vivid brightness with which they seem to dart athwart the sky, 
and as suddenly expire, excite our admiration ; and we often 
ask, " What can they be V* 

But frequent as they are, this interesting phenomenon is not 
well understood. Some imagine that they are occasioned liy 
electricity, and others, that they are nothing but luminous gas. 
Others again have supposed, that some of them are luminous 
bodies which accompany the earth in its revolution around the 
sun, and that their return to certain places might be calculated 
with as much certainty and exactness as that of any of the 
comets. 

292. Dr. Burney, of Gosport, kept a record of all that he 
observed in the course of several years. The number which he 
noticed in 1819 was 121, and in 1820 he saw 131. Professor 

2d0. "Wliat argument supposed to favor the idea of a Iwundlois universe? Allusion to 
the Psalmist? 291. Where are shooting stars most common? Are tliey well under 
stood? What theories stated ? 292 Or. Burney*s record ? Professor Green's o pinion? 
Signior Baccaria's opinion, and his rc.»soD« for it? 
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Green is coufident that a much larger namber are annaally seen 
in the United States. 

Signior Baccaria supposed they were occasioned by electricity, 
and thinks this opinion is confirmed by the following observa- 
tions. About an hour after sunset, he and some friends, that 
were with him, observed a falling star directing its course directly 
toward them, and apparently growing larger and larger, but just 
before it reached them it disappeared. On vanishing, their 
faces, hands, and clothes, with the earth and all the neighboring 
objects, became suddenly illuminated with a diffused and lambent 
light. It was attended with no noise. During their surprise at 
this appearance, a servant informed them that he had seen a 
light shine suddenly in the garden, and especially upon the 
streams which he was throwing to water it. 

The Signior also observed a quantity of electric matter collect about his kite, whict 
had very much the appearance of a &lling star. Sometimes he saw a kind of hale 
accompanying the kite, as it changed its place, leaving some glimmering of light in thA 
place it had quitted. 

293.' Shooting stars have been supposed by those meteorolo- 
gists who refer them to electricity or luminous gas, to prognos- 
ticate changes in the weather, such as rain, wind, &c. ; and there 
is, perhaps, some truth in this opinion. The duration of the 
brilliant track which they leave behind them, in their motion 
through the air, will probably be found to be longer or shorter, 
according as watery vapor abounds in the atmosphere. 

The notion that this phenomenon betokens high winds, is of great antiquity. Virgil 
In the first book of his Georgics, expresses the same idea :— - 

" Sttpe etiam Stellas vento impendente videbia 
Pnecipites coulolabi ; noctisque per nmbram 
Flammarum lougoR a tergo albescere tractus.** 

** And oft, before tempestuous winds arise, 
The seeming stars fall headlong from the skies. 
And shooting through the darkness, gild the night 
With sweeping glories and long trails of light" 

294. The number of shooting stars observed in a single night, 
though variable, is commonly very small. There are, however, 
several instances on record of their falling in " showers " — ^when 
every star in the firmament seems loosened from its sphere, and 
moving in lawless flight from one end of the heavens to the 
other. 

As early as the year 4*72, in the month of November, a phe- 
nomenon of this kind took place near Constantinople. As Theo- 

293. W^hat are they supposed by some to prognosticate ? What other ancient notion f 
Peptic qnotHtion ? 294. What said of the ntm^er of shooting stars? What instance* 

j{ " n: -T. orio sli<»wers« " cl*«d ? 

7* 
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phanes relates, " the sky appeared to be oa fire," with the corurf 
cations of the flying meteors. 

A shower of ttarf exactly similar took place in Oanada, between the 8d and 4th of 
July, 1814. aud another at Montreal, in November, 1S19. In all these cases, a residuum, 
nr black dwft^ was deposited upon the surfiu;e of the waters, and upon the roofs of build* 
Ings, and other objects. In the year ISIO, ** inflamed substances," it is said, fell into, 
and around lake Van, in Armenia,- which stained the water of a blood color, and cleft 
the earth in various places. On the 5th of September, 1819, a like phenomenon was seec 
in Moravia. Uistory furnishes many more instances of meteoric showers, depositing a 
red dwA in some places, so plentiful as to admit of chemical analysis. 

295. The commissioner (Mr. Andrew Ellicott), who was sent 
out by our government to fix the boundary between the Spanish 
possessions in North America and the United States, witnessed 
a very extraordinary flight of shooting stars, which filled the 
whole atmosphere from Cape Florida to the West India Islands. 
This grand phenomenon took place the 12th of November, It 99, 
and is thus described : — " I was called up," says Mr. Ellicott, 
*' about 3 o'clock in the morning, to see the shooting stars, as 
they are called. The phenomenon was grand and awful. The 
whole heavens appeared as if illuminated with sky-rockets, 
which disappeared only by the light of the sun, after daybreak. 
The meteors, which at any one instant of time appeared aa 
numerous as the stars, flew in all possible directions except /r(>m 
the earth, taward which they all inclined more or less, and some 
of them descendi-d perpendicularly over the vessel we were in, so 
that I was in constant expectation of their falling on us." 

Mr. Ellicott fttfther states that his thermometer, which had been at 80" Fahr. for the four 
days preceding, fell to 56* about 4 o'clock, A. M., and that nearly at the same time, the 
wind changed from the sooth to the northwest, from whence it blew with grei^t violence 
for three days witliout intermission. 

These same appearances were observed the same night at Santa Fe de Bogota, Cct- 
maua, Quito, and Peru, in South America ; and as far north as Labrador and Greenland, 
extending to Weimar in Germany, being thus visible over an extent on the globe of 64* 
of latitude, and 94* of longitude. 

The celebrated Humboldt, accompanied by M. Bompland, 
then in S. America, thus speaks of the phenomenon : — " Toward 
the morning of the 13th of November, 1799, we witnessed a 
most extraordinary scene of shooting meteors. Thousands of 
holideSj and falling stars succeeded each other during four hours 
Their direction was very regular from north to south. From 
the beginning of the phenomenon there was not a space in the 
firmament, equal in extent to three diameters of the moon, 
which was not filled every instant with bolides or falling stars. 
All the meteors left luminous traces, or phosphorescent bands 
behind them, which lasted seven or eight seconds*" 



tf96. What ph'snoraenon described by Mr. Ellicott? When andwiiere? mf^-t on hk* 
thermometer f Where else observed, and by whom ? 
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T.iir' pbeuumenoD was witnessed by the Gapuchiu missionary at San Fernando dc 
Afiarii, a village situated in lat. 7° 58' 12% aniidat the savannahs of the province of 
• Vurinad; by the Franciscan monks stationed near the cataracts of the Oronoco, and af 
%Iarca, on the banks of the Rio Negro, lat. 2* 40*, long. 70" 21', and in the west of Bra&il, 
%i) far as the equator itself; and also at the city of Porto Gabello, lat. 10* 6' 52', in French 
Cruiana, Popayan, Quito, and Peru. It is som«^wliat surprising that the same appearances, 
)bi^erved in places so widely separated, amid the vast and lonely deserts of South 
Vmeric-a, should have been seen, the same night, in the Lnited States, in Labrador, in 
Greenland, and at Itterstadt, near Weimar, in Germany 1 

296. We are told that thirty years before, at the city of 
Quito, *' tliere was seen in one part of the sky, above the volcano 
of Cayamburo, so great a number of falling stars, that the moun- 
tain was thought to be in flames. This singular sight lasted 
more than an hour. The people assembled in the plain of Exida, 
where a magnificent view presents itself of the highest summits 
of the Cordiileras. A procession was already on the point of 
setting out from the convent of St. Francis, when it was per 
ceived th&t the blaze on the horizon was caused by fiery meteors, 
which ran along the sky in all directions, at the altitude of 12 
or 13 degrees." 

297. But the most sublime phenomenon of shooting stars, of 
which the world has furnished any record, was witnessed through- 
out the United States on the morning of the 13th of November, 
1833. The entire ex-tent of this astonishing exhibition has not 
been precisely ascertained, but it covered no inconsiderable por- 
tion of the earth's surface. It has been traced from the longi- 
tude of 61°, in the Atlantic ocean, to longitude 100° in Central 
Mexico, and from the North American lakes to the West Indies. 
It was not seen, however, anywhere in Europe, nor in South 
America, nor in any part of the Pacific Ocean yet heard from. 

Everywhere, within the limits above mentioned, the first 
appearance was that of fireworks of the most imposing grandeur, 
covering the entire vault of heaven with myriads of fire-balls, 
resembling sky-rockets. Their coruscations were bright, gleam- 
ing and incessant, and they fell thick as the flakes in the early 
snows of December. (See cut on the next page.) 

To the splendors of this celestial exhibition, the most brilliant sky-rockets and fir^ 
works of art bear less relation than th-r twinkling of the most tiny star to the broad 
glare of the sun. The whole heavens seemed in motion, and suggested to some the awftal 
grandeur of the image employed in the apocalypse, upon the opening of the sixth seal, 
when " the stars of heaven fell unto the earth, even as a fig-tree casteth her untimely 
figs, when she is shaken of a mighty wind." 

298. One of the most remarkable circumstances attending 
his display was, that the meteors all seemed to emanate from 



806. What other similar phenomenon cited ? 297. ^Vliat still more sublime spectwlW 
It3 extent ? Its appearance ? 
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<Hie end the same point, a little soatheast of the zenith. Follow 
tng the aruli ot' the tikj, they ran along with immense! velocity, 
descrihing, in -^oioii instances, au an: of 30^ or 40° in a few 
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seconds. On more attentive inspection it was seen, that the 
meteors exhibited three distinct varieties ; the Jirst, couBisting 
oSpiosp/ioric Hies, apparently described by a point ; tte seayiui, 
of large fire-baUs, that at intervals darted along the !iky, leaving 
laminoas trains, which occasionally remained in view for a num- 
ber of minutes, and, in some eases, for half an honr or more ; 
the third, of uudeSned Inadiwas bodies, which remained nearly 
stationary in the heavens for a long time. 



299. These fire-balls were occasionally of enormons size. Dr. 
Smith, of North Carolina, describes one which appeared larger 
than the fall moon rising. " I was," says he, " startled by the 
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gpleudid light ill which the surroandiD;; ecencwas exiiibited, rcn- 
Bering eien small objects quite visible." 






300. Of the third variety of meteors, the following are remark- 
able exuDiples : — At Poland, Ohio, a luminous body vras dis- 
tinctly visible in the northeast for more thar. an hour. It was 
very brilliant, in the form of a pruniiig-hook, and apparently 
twenty feet long, and eighteen inches broad. It gradoally 
sei.tled toward the horizon, antil it disappeared. 

At Magan Filli, ■ large lumlnoiu bsdr. ihaped lllit 1 tqaart tablt, wu Ken neai 

301. The point &om which the meteors seemed to emanate, 
was observed, by those who fixed its position among the stars, 
to be in constelhition Leo ; and, according to their concurrent 
testimony, this radiant point was stationary among the stars, 
dsring the whole period of observation ; that is, it did not move 
filong with the earth, in ita diurnal revolution eastward, but 
accompanied the stars in their apparent progress westward. 



302. In attempting to explain these mysterious phenomena, it 
is argued, in the first place, fhM the mdeors had their origin 
beyond the limits of our atmosphere ; that they of course did not 
belong to this earth, but to the regions of space exterior to it 
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Thb reafion on which the conclusion is foand<;d is this : — All bodies near ttie e&rtl 
tocludiug I tit* atlu•>^phc'^e itself, have a common motion with the earth Hrouud its axifc 
/rora we»t to east ; but the radiant point, that indicated the source from which the 
meteorit emaaMted, followed tiie course of the stars from east to weta; tlierefore, it was 
indep<Mitlfnt of (he earth's rotation, and consequently, at a great distance from it, ana' 
beyond tlie limits uf tlie atmosphere. The htrig/U of the meteoric cloud, or radiant point, 
above the eartii*s hurface, was, according to the mean average of Professor Oimst^'s 
observations, not less than 2288 miles. 

303. That the meteors were constituted of very light, combus- 
tible materials, seems to be evident, from their exhibiting the 
actual phenomena of combustion, they being consumed, or con- 
verted into smoke, with intense light ; and the extreme tenuity 
of the substance composing them is inferred from the fact that 
they were stopped by the resistance of the air. Had their quan- 
tity of matter been considerable, with so prodigious a velocity, 
they would have had sufficient momentum to dash them upon 
tlie earth ; where the most disastrous consequences might have 
followed. 

The momentum of even light bodies of such sise, and in sucli nambers, traTersiug the 
atmospliere with such astonishing velocity, must have produced extensive derangements 
in the atmospheric equilibrium. Cold air from the upper regions would be brought down 
to the earth ; the portions of air incumbent over districts of couatry remote from each 
other, being mutually displaced, would exchange places, the air of the warm latitude." b«* 
transferred to colder, and that of cold latitudes to warmer regions. 

304. Various hypolheses\ia.Ye been proposed to account for this 
wonderful phenomena. The agent which most readily suggests 
itself in this, and in many other unexplained natural appearances, 
is electricity. But no known properties of electricity are adequate 
to account for the production of the meteors, for their motions, or 
for the trains which they, in many instances, left behind them. 
Others, again, have referred their proximate cause to magnetism. 
and to phospkureted hydrogen ; both of which, however, seem to 
bo utterly insufficient, so far as their properties are known, to 
account for so unusual a phenomenon. 

305. Professor Olmsted, of Yale College^ who has taken much 
I)Mins to collect facts, and to establish a permanent theory for 
the periodical recurrence of such phenomena, came to the coi> 
elusion, that-* 

The meteors of Notemher 13^A, 1833, emamaled from a nebulous 
body, which was then pursuins^ its way along with the earth around 
the sun ; that this body ayntinues to revolve around the sun, in an 
dlipticdl orbit — but little indiTied to the plane of the ecliptic^ ana 
having its aphelion near the orbit of the earth ; and finally, thai 

803. Supposed composition of these meteors? Why? 804. Hypotheses for explain- 
'ig phenomenon? Are they sati^actory? 805. Professor Olmsted's conclusion; 
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the body has a period of nearly six months, and that its perihdion 
IS a little below live orbit of Mercury * 

This theory at least Hccommod.ttes itself to the remarkable fact, that almost all the 
phenomena of this description", which are known to have happened, have occurred in the 
two opposite months of April and November. A similar exhibition of meteors to that of 
November, 1833, was observed on the same day of the week, April 20th, 1808, at Rich- 
mond, Virginia ; Stockbridge, Massachusetts ; and at Halifax, in Britisli America. Another 
was witnessed in the autumn of 1818, in the North Sea, when, in the language of the 
observers, " all the surrounding atmosphere was enveloped in one expansive sea of fire, 
exhibiting the appearance of another Moscow, in flames." 

* After the first edition of this work went to press, the author was poliMy fur- 
nishedj hy Professor Olmsted, with the following communication. 

** I am happy to hear that you propose to stereotype your * Geography of the HeaTens 
it has done much, I believe, to diffuse a popular knowledge of astronomy, and I am pleased 
that your efforts are rewarded by an extended patronage. 

" Were I now to express my views on the subject {Meteoric Showers) in as condensed 
a form as possible, I should state them in some sach terms as the following : The meteoric 
showers which have occurred for several years past on or about the 18th of November^ 
are characterized by four peculiarities, which distinguish them from ordinary shooting 
stars. First, they are iar more numerous than common, and are larger and brighter. 
Secondly, they are. in much greater proportion than usual, accompanied by luminous 
trains. Thirdly, th<ty mostly appear to radiate from a common center ; that is, were 
their paths in the heavens traced backward, they would meet in the same part of the 
heavens : this point has for three years past, at least, been situated in the constellation 
Leo. Fourthly, the greatest display is everywhere at neai'ly the same time of night, 
namely, from three to four o'clock— a time about half-way from midnight to sunrise. The 
meteors are inferred to consist of comUustible matter, because they are seen to take fire 
and burn in the atmosphere. They are known to be very light, because, although they 
fall toward the earth>with immense velocity, few, if any, ever reach the earth, but are 
arrested by the air, like a wad fired from a piece of artillery. Some of them are inferred 
to be bodies of comparatively gi'eat siee^ amounting in diameter to several hundred feet, 
at least, because they are seen under so large an angle, while they are at a great distance 
from the spectator. Innumerable small bodies, thus consisting of extremely light, thin, 
combustible matter, existing together in space far beyond the limits of the atmosphere, 
are believed to compose a body of immense extent, which has been called * the nebulous 
body.' Only the skirts or extreme portions of this are brought down to the earth, while 
tlie entire extent occupies many thousands, and perhaps several millions of miles. This 
nebulous body is inferred to have a revolution around the sun, as well as the earth, and 
to come very near to the latter about the 18th of November each year. This annual 
nieetiu;; every year, for several years in succession, could not take place unless the 
periodic time of the nebulous body is either nearly a year, or half a year. Various rea- 
sons have induced the belief that half a year is the true period ; but this point is con- 
sidered somewhat doubtful. The zodiacal light, a faint light that appears at different 
seasons of the year, either immediately preceding the morning or following the evening 
twi'.!);ht, ascending from the sun in a triangular form, is, with some degree of probability, 
thojght to be the nebular body itself, although the existence of such a bo4y, revolving 
In t le solar system, was inferred to be the cause of the meteoric showe-s, before any 
connection of it with the sodiacal light was even thought of." 

W!-.f: wb:i« rcni.\rkable fact doce his theory accord ? Bubstaufio of letter from l*rof»n!»oi 
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306. Exactly one year previous to the great pLenomenoo of 
1833, namely, od the 12tri of Xovember, 1832, a similar meteoric 
display was seen uenr Mocha, on the Red Sea, by Capt. Ham- 
mond and crew of the sliip Restitution. 

A gentleman in Sout/i Carolina thus describes the effect of the phenomenon of 1833, 
ipon hid ignorant blacks : ** I was suddeuly awakened by the most distressing cries thai 
ever fell uu my ears. Shrieks of hurror, and cries of mercy, I could hear from most ol 
the negroes of three plantations, amounting in all to about six or eight hundred. While 
earnestly listening for the cause, I heard a faint noise near the door calling my name ; 
I arose, and taking my sword, stood at the door. At this moment, I heard the same 
voice still bes^^eching me to rise, and saying, ' 0, my God, the world is on fire !* I then 
opened the door, and it is ilffleolt to say which excited me must — the awfulnesa of tht 
8cene, or the distressed cries of the n^roes ; upward of one hundred lay prostrate on thf 
ground — some siwechless, and some with the bitterest cries, but most with their handr 
raised, imploring Ood to uave the world and them. The scene was truly awful ; fci 
lever did rain fall much thicker, than the meteors fell toward the earth ; east, w isi 
aorth, and south, It was the same 1" 

806. What similar meteoric shower referred to? DttMsripttoa of thai of Novemvci 
138A, and its iiSoeU upon certain personn ? 
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IHE SOLAR SYSTEM. 



CHAPTER I. 

GBEaJERAL PHENOMENA OF THE SOLAR SYSTEM, 

HISTORY, &a 

307. Our attention has hitherto been directed to those bodies 
which we see scattered everywhere throughout the whole celes- 
tial concave. These bodies, as has been shown, twinkle with a 
reddish and variable light, and appear to have always the same 
position with regard to each other. We know that their nuis- 
bcr is very great, and that their distance from us is immeasur- 
able. 

We are also acquainted with their comparative brightness, and their situation. In a 
word, we have before us their few visible appearances, to wliicb our knowledge of thera 



is well-nigh limited ; almost all our reasonings in regard to them being founded on con » 
paratively few and uncertain analogies. Accordingly, our cM^f business thus far hiui 
been to detail their number, to describe their brightness and positions, and to give the 



arcUively few and uncertain analogies. Accordingly, our cM^/ business thus far htui 
een to detail their number, to describe thei 
name? by which they have been designated. 

308. There now remain to be considered certain other celes- 
tial bodies, all of which, from their remarkable appearance and 
changes, and some of them from their intimate connection witli 
the comfort, convenience, and even existence of man, must havo 
always attracted especial observation, and been objects of the 
most intense contemplation and the deepest interest. Most of 
these bodies are situated within the limits of the Zodiac. The 
most important of them are, the Sun, so superior to all the 
heavenly bodies for its apparent magnitude, for the light and 
heat which it imparts, for the marked effects of its changes of 
position with regard to the Earth ; and the Moon*, so conspicu- 
ous among the bodies which give light by night, and from her 

807. Su^ect of Part II. ? Of our Investigations hitherto? How distinguished? thei* 
number, distance, kc.f What has been our chief business thus far? 808. What nn« 
remains to be considered? Uow situated? Wliich the moat important of them? 
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soft and silvery brigbtness, so pleasing to behold ; remarkable 
not only for changes of position, but for the varied phases or 
appearances which she presents, as she waxes from her crescent 
form through all her different stages of increase to a full orb, 
and wanes back again to her former diminished figare. 

309. The partial or total obscaration of these two bodies, 
which sometimes occurs, darkness taking place even at mid-day, 
and the face of night, before lighted up by the Moon's beams, 
being suddenly shaded by their absence, have always been among 
the most striking astronomical phenomena, and so powerful in 
their influence upon the beholders, as to fill them with perplexity 
and fear. 

310. If we observe these two bodies, we shall find that, 
besides their apparent diurnal motion, across the heavens, they 
exhibit other phenomena, which must be the effect of motion. 
The^Sun during one part of the year will be seen to rise every 
day farther and farther toward the north, to continue longer and 
longer above the horizon, to be more and more elevated at mid- 
day, until he arrives at a certain limit ; and then, during the 
other part, the order is entirely reversed. 

311. Again ; if the Sun's motions be attentively observed, he 
will be found to have another motion, opposite to his apparent 
diuroal motion from east to west. This may be perceived dis- 
tinctly, if we notice, on any clear evening, any bright star wiiich 
is first visible after sunset, near the ^lace where he sunk below 
the horizon. The following evening, the star will not be visible 
on account of the approach of the Sun, and all the stars on the 
east of it will be successively eclipsed by his rays, until he shall 
have made a complete apparent revolution in the heavens. 
These are the most obvious phenomena exhibited by these two 
bodies. 

312. The Moon sometimes is not seen at all ; and then, when 
she first becomes visible, appears in the west, not far from the 
setting Sun, with a slender crescent form ; every night she 
app(3ars at a greater distance from the setting Sun, increasing in 
size, until at length she is found in the east, just as the Suu is 
sinking below the horizon in the west. 

313. There are also situated within the limits of the Zodia« 
certain other bodies, which, at first view and on a superficial 
examination, are sctarcely distinguishable from the fixed stars 

8<)9. >Vhat said of their obscuration? 810. Of their motions? 811. Has the Src 
an aipircut eastw.inl motion? 812. What said of the Moon's motions and pbaf»e;-i 
1*1. S. VVit.1t other ^Mxlies and tlieir motions? What called, and why? 
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Bat, observed more attentively, they will be seen to shine with 
ft milder and steadier light, and, besides being carried round 
with the stars, in the apparent revolution of the great celestial 
concave, they will seem to change their places in the concave 
itself. Sometimes they are stationary ; sometimes they appear 
to be moving from west to east, and sometimes to be going back 
again from east to west ; being seen at sunset sometimes in the 
east, and sometimes in the west, and always apparently changing 
their position with regard to the earth, each other, and the 
other heavenly bodies. From their wandering, as it were, ir 
this manner through the heavens, they were called by the Greeks 
TrXavTjTad,, planets^ which signifies wanderers. 

314. There also sometimes appear in the heavens, bodies of a 
very extraordinary aspect, which continue visible for a considera- 
ble period, and then disappear from our view ; and nothing more 
is seen of them, it may be, for years, when they again present 
themselves, and take their place among the bodies of the celes- 
tial sphc$re. They are distinguished from the planets by a dull 
and cloudy appearance, and by a train of light. As they 
approach the sun, however, their faint and nebulous light becomes 
more and more brilliant, and their train increases in length 
until they arrive at their nearest point of approximation, when 
they shine with their greatest brilliancy. As they recede from 
the Sun, they gradually lose their splendor, resume their faint 
and nebulous appearance, and their train diminishes, until they 
entirely disappear. They have no well-defined figure ; they 
seem to move m every possible direction, and are found in every 
part of the he^ivens. From their train they were called by the 
Greeks Kouijrcu, ocmvds^ which signifies bearded^ or kkving 
lo^ig hair. 

The causes of these various phenomena must have early constituted a rerj natural 
•ulDiiect of inquiry. Accordingly, we shall find, if we examine the history of the science, 
that in very early times there were many speculations upon tRls subiject, and that differ- 
ent theories were adopted to account for tliese celestial appearances. 

315. The Egyptians, Chaldeans, Indians, and Chinese, early 
possessed many astronomical facts, many observations of impor- 
tant phenomena, and many rules and methods of astronomical 
calculation ; and it has been supposed, that they had the ruins 
of a great system of astronomical science, which in the earliest 
ages of the world had been carried to a great degree of perfec- 
tion, and that while the principles and explanations of the phe- 

dl4. Any othtr bodies described? How distinguished? Wh.it called, and wliy ? Is it 
prooable that these phenomena were early observed ? 815. What said oT the Egyptians 
Chaldeans, Ac.? Of the Chinese in particdl.ir? Of the Indians and Chaldc.iiis* 
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nomena were lost, the isolated, unconnected facts, rules of calca 
lation, and phenomena themselves, remained. 

Thus, the Chinese, who, It Is generally agreed, possess the oldest anthentie obserra- 
tions on record, have recorded hi their annals, a conjunction of five planets at the same 
time, which hapitened 2461 years before Christ, or 100 years before the flood. By mathe- 
matical calculation, it is asct-rtained that this conjanctinn really occurred at that time 
Tlie first observatlun of a solar eclipse of which the worhi has any knowledge, was made 
by the Chinese, 2128 years before Christ, or 220 years after the deluge. It seems, also, 
that the Chinese understood the method of calculating eclipses ; for, it is said, that the 
emperor was so irritated against the great officers of state for neglecting to predict thn 
eclipse, that he caused them to be put to death. The Chinese have, from time imme- 
morial, considered Solar Eclipses and coi^unctions of the planets, as prognostics of 
iiuportance to the Empire, and they have been predicted as a matter of state policy. 

The astronou-ical epoch of the Chinese, according to Bailly, commenced with Fohl, 
their first emperor, who flourished 2902 years before the Christian era, or about 850 
years before the deluge. If it be asked bow the knowledge of this antediluvian astrono- 
my was preserved and transmitted, it is said that the columns on which it was registered 
have survived tl>e deluge, and tliat those of Egypt are only copies which have become 
originals, now that the others have been forgotten. The Indians, also, profess to have 
many celestial observations of a very early date. The Chaldeans have been justly cele- 
brated in all ages for their astronomical observations. When Alexander took Babylon, 
his preceptor, Calllathenes, found a series of Chaldean observations, made in that city, 
and extending l>ack, with little interruption, through a period of 1903 years preceding 
that event. This would carry us back to at least 2284 years before the birth of Chrixt, 
or to about the time of the dispersion of mankind by the confusion of tongues. 

316. The Greeks, in all probability, derived many notions 
m regard to this science, and many facts and observations, from 
Egypt, the great fountain of ancient learning and wisdom, and 
many were the speculations and hypotheses of their philosophers. 
The first of the Greek philosophers who taught Astronomy was 
Thales, of Miletus. He flourished about 640 vears before the 
Christian era. Then followed Anaximander, Anaximenes 
Anaxagoras, Pythagoras, Plato. 

Some of the doctrhies maintained by these philosophers were, that the Barth wat> 
round, tha'i it had two motions, a diurnal motion on its axis, and an annual motion 
around the Sun, that the Sun was a globe of fire, that the Moon received her light from 
Uie Sun, that she was habitable, contained mountains, seas, Ac. : that her eclipses wer 
caused by the !^arth*s shadow, that the planets were not designed merely to adorn uur 
heavens, that they were worlds of themselves, and that the fixed stars were centers of 
distant systems. Some of ihem, however, maintained that the Earth was flat, and other* 
that, though round, it was at rest in the center of the universe. 

31 T. When that distinguished school of philosophy was estab- 
lished at Alexandria, in Egypt, by the munificence of the sove- 
reigns to whom that portion of Alexander's empire had fallen, 
astronomy recived a new impulse. It was now, in the second 
century after Christ, that the first complete system or treatise 
of astronomy of which we have any knowledge, was formed. 
All before had been unconnected and incomplete. Ptolemy, 
with the opinions of all antiquity, and of all the philosophers 



816. Of the Greeks? Who first taught astronomy among them? Date? Who n*^sif 
State some of tbe*r doctrines? 817. What record of this science? Wliat of lOoum^ 

nnO his works? 
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who had preceded him, spread oat before hira, composed a work 
(a thirteen books, called the MeyaXi] Iwra^ig, or Oreat System. 

318. Rejecting the doctrine of Pythagorps, who taught that 
the Sun was the center of the universe, and that the Earth had 
a diurnal motion on its axis and an annual motion around the 
Sun, as contrary to the eyidence of the senses, Ptolemy endea- 
vored to account for the celestial phenomena, by supposing the 
Earth to be the center of the universe, and all the heavenly 
bodies to revolve around it. 

He seems to have entertained an idea, in regard to the suppoeitionf that the Earth 
revolTed on its axis, similar to one which some entertain even at the present day. " If," 
days he, ** there were any motion of the Earth common to it and all other heavenly 
bodies, it would certainly precede them all by the excess of its mass being so great; and 
animals and a certain portion of heavy bodies would be left behind, riding upon the air, 
and the earth itself would very soon be completely carried out of the heavens." 

319. In explaining the celestial phenomena, however, upon 
his hypothesis, he met with a difficulty in the apparently station- 
ary attitude and retrograde motions which he saw the planets 
sometimes have To explain this, however, he supposed the 
planets to revolve in small circled, which he called epicycles, 
which were, at the same time, carried around the Earth in 
larger circles, which he called deferents, or carrying circles. 

In following out his theory, and applying it to the explanation of diflTerent phenomena. 
It bucame necessary to add new epicycles, and to have recourse to other expedients, until 
the system became unwieldy, cumbrous, and complicated. This theory, although astro- 
nomical observations continued to be made, and some distinguished astronomers appeared 
fro Ji time to time, was the prevailing theory until the middle of the 16th century. It was 
not, however, ahoaya received with implicit confidence ; nor were its difficulties alwayt 
entirely unappreciated. * 

Alphonso X., king of Oastfle, who floarishedin the 18th century, when conteroplatinii; 
the doctrine of the epicycles, exclaimed, ** Were the universe thus constructed, if the 
I»eity had called me to his councils at the creation of the world, I could have given him 
good advice.*' He did not, however, mean any impiety or irreverence, except what was 
directed against the system of Ptolemy. 

320. About the middle oi the 15th century, Copernicus, a 
native of Thorn in Prussia, conceiving a passionate attachment 
to the study of astronomy, quitted the profession of medicine, 
and devoted himself with the most intense ardor to the study of 
this science. " His mind," it is said, " had long been imbued 
^ith the idea that simplicity and harmony should characterize 
the arrangements of the planetary system. In the complication 
and disorder which he saw reigned in the hypothesis of Ptolemy, 
he perceived insuperable objections to its being considered as a 
representation of nature.'' 

818. His system of astronomy? What singular idea and reasoning? 819. What 
difficulty did he meet with, and how explain it? What further difficulty ? How long 
did this theory prevaU? What anecdote of the King of Castile? 880. What dis- 
tinguisb^ student of astronomy now arose ? His impressions in regard to tke PUdemiaio 
theory ? His own earlior convictions? What other theories did he study? 
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In the opinions of the Egyptian sagest 1° those of Pythagcras, Philolaua, AristarcLnij 
and Nicetus, be recognised his own earliest conviction that the Earth was not the center 
o( the universe. His attention was much occupied with the speculation of Martinos 
Ca|>eUa, who placed the San between Mars and the Moon, and made Mercury and Yenus 
revolve round him as a center, and with the system of Appollonius Pergoeus who made 
ill the planets revolve around the Sun, while the Sun anl Moon were carried around the 
larth in the center of the universe. 

321. Tht5 examination, however, of various hypotheses, by 
Copernicus, gradually expelled the difficulties with which the 
subject was beset, and after the labor of more than thirty years, 
he was permitted to see the true system of the universe. Tho 
Sun he considered as immovable, in the center of the system^ 
while the Earth revolved around him, between the orbits of 
Venus and Mars, and produced by its rotation about its axis all 
the diurnal phenomena of the celestial sphere. The other planets 
he considered as revolving about the Sun, in orbits exterior to 
that of the Earth. ( See the Relative Distances of the Planets' 
Orbits, Map I. of the Atlas. ) 

Thus, the stations and retrogradations of the planets were the necessary consequence 
3f their own motions, combined with thft of the Earth about the Sun. He said that *' Vy 
long observation, he discovered that, If the motions of the planets be compared with 
that of the Earth, and be estimated according to tlie times in which they perform their 
revolutions, not only their several appearances would follow from this hypothesis, bat 
that it would so connect the older of the planets, their orbits, magnitudes, and distances, 
and even the apparent motion of the fixed stars, that it would be impossible to remove 
one of these bodies out of its place without disordering the rest, and even the whole of 
the universe also." 

322. Soon after the death of Copernicus, arose Tycho Brahe, 
born at Knudstorp, in Norway, in 1546. Such was the distinc- 
tion which he had attained aS an astronomer, that when, dissa- 
tisfied with his residence in Denmark, he had resolved to remove, 
the King of Denmark, learning his intentions, detained him in 
the kingdom, by presenting him with the canonry of Rothschild, 
with an income of 2,000 crowns per annum. He added to this 
sum a pension of 1,000 crowns; gave him the island of Huen, 
and established for him an observatory at an expense of about 
200,000 crowns. Here Tycho continued, for twenty-one years, 
to enrich astronomy with his observations. 

His observations upon the Moon were Important, and upon the plan'bts numerous and 
precise, and have formed the data of the present generalisations in astronomy. He, 
however, rejected the system of Copernicus ; considering the Earth as immovable in the 
center of the system, while the Sun, with all the planets and comets revolving around 
him, performed his revelation around the earth, and, in the course of twenty-four hours, 
the stars also revolved about the central body. This theory was not so simple as that of 
Copernicus, and involved the absurdity of malcing the Sun, planets, Ac, revolve around 
a body comparatively insignificant. 

821. How was Copernicus led to discover the true system of astronomy? What is tha« 
system ? Does it account for the stations and retrogradations of the i lanets ? 82^ 
What distinguished astronomer next arose f What said of his detentiou in D'^iaarh: 
[lis observation g f His tlicory 
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323. Near the close of tht 15th century, arose two men, who 
jfrought most importaat changes in the science ; Kepler and 
Galileo, the former a German, the latter an Italian. Previous 
to Kepler, all investigations proceeded upon the supposition that 
the planets moved in circular orbits which had been a source of 
much error. This supposition Kepler showed to be false. He 
discovered that their orbits were ellipses. The orbits of their 
secondaries or moons he also found to be the same curve. He 
next determined the dimensions of the orbits of the planets, and 
found to what their velocities in thtir motions through their 
orbits, and the times of their revolutions, were proportioned ; all 
truths of the greatest importance to the science. 

324. While Kepler was making these discoveries of facts, very 
essential for the ex[)lanation of many phenomena, Galileo was 
discovering wonders in the heavens never before seen by th(j eye 
of man. Having improved the telescope, and applied it to the 
heavens, he observed mountains and valleys upon tiie surface of 
our Moon ; satellites or secondaries were discovered revolving 
about Jupiter ; and Yenus, as Copernicus had predicted, was 
seen exhibiting all the different phases of the Moon, waxing and 
waning as she does, through various forms. 

Manj minute stars, not Tisible to the naked eye. were described in the Millcy-Way ; and 
the largest fixed stars, instead of being magnified, appeared to be small brilliant points, 
an incontrorertible argument in favor of their immense distance from us. All his dis- 
coveries served to confirm the C}opernican - theory, and to show the absurdity of the 
hypothesis of Ptolemy. 

325. Although the general arrangement and motions of the 
planetary bodies, together with the figure of their orbits, had 
been thus determined, the force of power which carries them 
around in their orbits, was as yet unknown. The discovery of 
this was reserved for the illustrious Newton, though even his 
discovery was in some respects anticipated by Copernicus, 
Kepler and Hooke. By reflecting on the nature of gravity — 
that power which causes bodies to descend toward the center of 
the earth — since" it does not sensibly diminish at the greatest 
distance from the center of the earth to which we can attain, 
being as powerful on the loftiest mountains as it is Id the deepest 
caverns, he was led to imagine that it might extend to the 
Moon, and that it might be the power which kept her in her 
orbit, and caused her to revolve around the Earth. He was 
next led t > suppose that perhaps the same power carried the 

828. What two noted astronomers next arose? What did Kepler discover? 824. 
Ckilileo and his discoveries? What theory did they serve to establish? 825 What 
gti<xi diiv-^v^rT mis\ made, and by whom? How IH to It? 9ucc<waivQ etopu? 
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primary pia^ets around the San. By a scries of calcnlatioTia, 
he was enabled at length to establish the fact, that the same 
force which determines the fall of an apple to the Earth, carries 
the moons in their orbits aronnd the planets, and the planets 
and comets in their orbits aronnd the Snn. 

To recapitulate briefly : The lyetem (not hypothesis, for much of it has been established 
by iiiatjematieal demoDitratioD) by which we are now enabled to explain with a beaati- 
fU' simpliolty the difl'erent phenomena of the Sun, planets, moons, and comets, is, that 
tli3 Sun is the central body in the system: that the planets and comets move round him 
ic elliptical orbits, whose planes are more or less inclined to each other, with velocities 
bearing to each other a certain ascertained relation, and in times related to their dis> 
tances ; that the moons, or secondaries, ^'evolve in like manner about their primaries, 
and at the same time accompany them in their motion around the Sun ; all meanwhile 
revolving on axes of their own ; and that these revolutions in their orbits are produced 
by the mysterious power of attraction. The particular mode in which this system is 
applied to the explanation of the different phenomena, will be exhibited as we proceed to 
consider, one by one, the several bodies above mentioned. 

326. These bodies, thus arranged and thus reyolving, consti- 
tute what is termed the Solar System. The planets have been 
divided into two classes, primaries and secondaries. The latter 
are also termed moons, and sometimes satellites. The primaries 
are those that revolve about the Sun, as a center. The seconda- 
ries are those which revolve about the primaries. There have 
been discovered to this date (1864), thirty-five primary planets, 
viz. : Mercury, Venus, the Earth, Mars, Flora, Clio, Vesta, Iris, 
Metis, Eunomia, Psyche, Thetis, Melpomene, Fortuna, Massilia, 
Lutetia, Calliope, Thalia, Hebe, Parthenope, Irene, Egeria, 
Astrffia, Jnno, Ceres, Pallas, Hygeia, Jupiter, Saturn, Uranus, 
Neptune, and four other Asteroids, whose names and places have 
not yet been determined. Mercury is the nearest to the Son, 
and the others follow in the order in which they are named. The 
seventeen small planets from Flora to Hygeia, inclusive, were dis- 
covered by means of the telescope, and, because they are very 
small, compared with the others, are called Asteroids. Neptune, 
also, is a telescopic planet, though much larger than any of the 
Asteroids. 

There have been discovered twenty secondaries. Of these, 
the Earth has one, Jupiter four, Saturn eight, Hersrhel six, and 
Neptune one All these, except our Moon, as well as the Aste- 
roids and Neptune, are invisible to the naked eye. 

Map I. of the Atlas, " exhibits a plan of the Solar System," comprising the relative 
magnitudes of the Sun and Planets ; their comparative distances from the Sun, and from 
each other; the position of tlieir orbits, with respect to each other; the Earth and the 
Sun ; together with many other particulars which are explained on the map. There, the 

Describe the Copernican theory? 836. What do the bodies mentioned ccrastitutof 
'dow arc the planets divided? Describe each? What number of primaries ? Nam6 
Ihero iu order from the Sun? Which are the Asteroids ? Which telescopic ? How many 
Moeudfirj planets? How distributed? Ar« they visible to Uie oaktidHve? What anld 
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tirf t and most prominent object which claims attention, is the representation of tho 
dun^B circamference, with its deep radiations, bounding the upper margin of the map. 
H is apparent, however, that this segment Is hardly ons-sixth of the whole circumference 
of which it is a part. Were the map sofliciently large to admit the entire orb of the Sun, 
even upon so diminutive a scale as there represented, we should then see the Sun and 
Planets In their just proportions — the diameter of the former being 112 times the diameter 
of the Earth. 

It was intended, originally, to represent the Earth upon a scale of one inch in diameter 
and the other bodies in that proportion ; but it was found that it would increase the map 
*A) four times its size ; and hence it became necessary to assume a scale of Aa{^ an inch 
for the Earth's diameter, which makes that of the Sun 66 inches, and the other bodies, as 
represented upon the map. 

The relative position of the Planets* orbits is also represented, on a scale as large as 
the sheet would permit. Their relative distances from the Sun as a center, and from each 
other, are there shown correctly. But had we wished to enlarge the diinensions of thes« 
orbits, so that they would exiictly correspond with the scale to which we have drawn tho 
planets, the map must have been nearly two miles in length. ** Hence,'* says Sir John 
Herschel, " the idea that we can convey correct notions on this suhject, by drawing circles 
on paper, is out of the question." 

To illustrate this — Let us suppose ourselves standing on an extended plane, or field of 
ice, and that a globe 4 feet S inches in diameter is placed in the center of the plane, to 
represent the Sun. Having cut out of the map the dark circles representing the planets, 
we may proceed to arrange them in their respective orbits about the Sun, as follows : 

First, we should take Mercury, about the size of a smill currant, and place it on the 
circumference of a circle 194 feet from the Sun ; this circle would represent the orbit of 
Mercury, in the proper ratio of its magnitude. Next, we should take Venus, about the 
size of a rather small cherry, and place it on a circle 862 feet from the Sun, to represent 
the orbit of Venus. Then would come the Earth, about the size of a cherry, revolving in 
an orbit 600 feet from the Sun. After the Earth we should place Mars, about the size of 
a cranberry, on a circle 762 feet from the Sun. Neglecting the Asteroids, some of which 
wroQld not be larger than a pLa*8 head, we should place Jupiter, hardly equal to a mode- 
rate-sized melon, on a circle at the distance of half a mile (2601 feet) from the Sun ; 
Saturn, somewhat less, on a circle nearly a mile (4768 feet) from the Sun ; Herschel, about 
the size of a peach, on the circumference of a circle nearly 2 miles (9591 feet) from the 
Sun ; and last of all Neptime, a little larger than Herschel, and on a circle of nearly 3 
miles (15,866 feet) from the Sun. 

To imitate the motions of the planets in the above-mentioned orbits. Mercury must 
describe its own diameter in 41 seconds; Venus, in 4 minutes 14 seconds ; tlie Earth, in 

7 minutes; Mars, in 4 minutes 48 seconds; Jupiter, in 2 hours 66 minutes; Saturn, ic 

8 hours 18 minutes ; Herschel, in 12 hours 16 minutes ; and Neptune, in 28 hours 25 min. 
Many other interesting sul^ects are embraced in Map I. ; but they are either explained 

on the map, or in the following chapters, to which they respectively relate. 



CHAPTER II. 

THE STJN— HIS DISTANCE, MAGNITUDE, &o. 

321. The Sun is a vast globe, in the center of the solar sys- 
ijozn, dispensing light and heat to all the planets, and governing 
all their motions. It is the great parent of vegetable life, giv- 
ing warmth to the seasons, and color to the landscape. Its rays 
are the cause of various phenomena on the surface of the darth 
nnd in the atmosphere. By their agency, all winds are pro- 

- M ■ ■ ■ ■■ ■ m^^ n ■»^^^^ l^»^^»^^i— ^M 11 ■ » ■■ ■ ■ ii»i^,.i I l,^— ^M 1^ ■■■■ , ^— .yi.i i ■■■■ 

of Map 1.? Its scale-f Remark of Dr. Hcr'echel? Wliat illustrations of the B^'ar ifV^toio 
U HS lie farnlf^h ? 8tt7. Sucjdct cf Chaptci' II.? Describe the Sun V 
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daecd, and the waters of the sea are made to circniate in tii|K)i 
through the air, aud irrigate the land, prodacing springs and rivers. 
32«. Tlic Sun is by far the largest of the heavenly bodit-ti 
whose dinieosioTis have been definitely ascertained, ita diameter 
iit abiiut ysB,000 miles. Coii3ec|Dently, it coQlains a volurao 
ot matter e(|ual to fourteen Aundrett thomaiid globes of the size 
of the Earth. Of a body so vast in its dimensious, the human 
mind, with all its eGTorts, can furm uo adequate conception. 

Tin Mnr t>D m ■oaii'B onoir. Wen Uw Bun ■ kaHbir •pbcn, iHrrortlFd wah 



329. The next thing which iilla the mind with wonder, is the 
dUtaiux at which so great a body must be placed, to occupy, 
apparently, so small a space in the firmament. The Sun's mean 
distance from the Earth is twelve thousand times the Earth's 
diameter, or a little more than 95,000,000 of miies. We may 
derive some faint conception of such a distance, by considering 
that the swiftest steamboats, which ply our waters at the rate 
of 200 miles a day, would not traverse it in tkirteen kundTfl 
years; and, that a cannon ball, flying night and day, at the 
rate of 16 miles a minnte, woahi not reach it in eleven years. 

330. The Snn, when viewed through a telescope, presents the 
appearance of an enormous ^Xoha of fire, frequently in a state of 
violent agitation or ebullition ; dark spots of irregular form, 

KM. IIl9inii;ii^CDdef :ilKniewrt Compared with IbeEirtht Whit miutntlon (iTrDi 
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rarely visible to the naked eye, frequently pasfl t)ver his disc, 
from east to west, in the period of nearly fourteen days. 

Th«><3e spots are usually snrrounded by a cnwrs (nr tbs buh. 

peDumbra, or less deeply shaded border, 
and that, by a margin of light more bril- 
liant that that of the Sun. A spot when 
first seen on the eastern edge of the Sun, 
appears like a line which progressively ex- 
tends in breadth, and increases Its appa- 
rent velocity, till it reaches the middle, 
when it begins to contract, and to move 
less rapidly, till it ultimately disappears at 
the western edge. In some rare instances, 
the same spots re-appear on the east side, 
and are permanent for two or three revo- 
lutions. But, as a general thing, the spots 
on the Sun are neither permanent nor uni- 
form. Sometimes several small ones unite 
into a large one; and, again, a large one 
separates into numerous small ones. Some 
continue several days, weeks, and even 
months, together ; while others appear and 
disappear, in the course of a few hours. 
Those spots that are formed gradually, are, 
fbr the most part, as gradually dissolved ; 
whilst those that are suddenly formed, generally vanish as quickly. 

331. It is the general opinion, that spots on the Sun were 
first discovered by Galileo, in the beginning of the year 1611 ; 
though Soheiner, Harriot, and Fabricius, observed them about 
the same time. During a period of 18 years from this time, the 
Bun was never found entirely clear of spots, excepting a few 
days in December, 1624 : at other times, there were frequently 
seen twenty or thirty at a time, and in 1625, upwards of fifty 
were seen at once. From 1650 to 1670, scarcely any spots were 
to be seen ; and, from 1676 to 1684, the orb of the Sun pre- 
sented an unspotted disc. Since the beginning of the eighteenth 
century, scarcely a year has passed, in which spots have not 
been visible, and frequently in great numbers. JLn 1799, Dr 
Herschel observed one nearly 30,000 miles in breadth. 

A single second of angular measure, on the San*s disc, as seen from the Earth, corre- 
sponds to 462 miles ; and a circle of this diameter (containing therefore nearly 220,(KK) 
square miles) is the least space which can be distinctly discerned on the Sun as a viHbU 
area, even by the most powerful glasses. Spots have been observed, however, whose 
linear diameter has been more than 44,000 miles; and, if some records are to be trusted, 
of even still greater extent. 

Dr. Dick, in a letter to the author, says : " I have for many years examined the solar 
spots with considerable minuteness, and have several times seen spots which were not 
less than the one twenty-fifth part of the Sun's diameter, which would make them about 
?2,192 miles in diameter, yet they were visible neith«>r to the naked eye, nor through an 
opera glass magnifying about three times. And, therefore, if any spots have been visi- 
ble to the naked eye — which we must believe, unless we refuse respectable testimony— 
they could not have been much less than 50,000 miles in diameter.** 

881 Who first saw them? When? How was it for the next 18 years? How in 1626? 
From 1660 to 1610? From 1676 to 1684? How since the beginning of the eighteenth 
lentqry? Dr. Herschers measurements? Dr. Dick's remarks and eonclnilonf 
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332. The apparent direction of these spots over the Snn's disc 
is continaallj yarytng. Sometimes they seem to mo7e across it 
iu straight lines, at others in curve lines. Sometimes the spots 
seem to mov^e upward^ as thej cross from east to west, while at 
other times thej incline downward, while the curve lines are 
sometimes convex towards one pole of the San, and sometimes 
towards the other. 

333. All these phenomena are owing to the fact that the axis 
of the San is inclined to the ecliptic, so that viewing him from 
different points in the Earth's orbit, the apparent direction of 
the spots mast necessarily vary. The following diagrams may 
Rerve to illnstrate : 



TAKI0U8 mswnoni or res solas sktb. 
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S«pt«iub«r. December. 

liSt K F represent the plane of the ecliptic. In March, the spots describe a carTO, 
which is convex to tL e south, as shown at A. In June, they cross the Sun's disc in nearly 
straight lines, but incline upward. In September, they carve again, though in the oppo- 
site direction ; and in Deceral>er, pass over in straight lines, inclining down/uoard. The 
figures B and D show the inclination of the Sun's axis. 

The following diagram will servo still farther to illastrate the 
cause of the change of direction of the solar spots. 
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Iiet the student imagine himself stationed upon the earth at A, in March, looking upon 
t^e sun in the center, wh«se north or upper pole is now inclined towdrd Mm, The spots 
*ill then cunoe iU^^ fward. 13iree months afterward — ^vii., in June — ^the earth will be 



882. In what general direction do these spots move T 
la tho oawte of tlicbc vnrying phenomena f 



What variations? 888. Whak 



THE SUN; — HIS DISTANCE, MAGNITUDE, ETC. 175 

at B ; when the sun's axis will incline to Vie left^ and tlie spots seem to pass tipVHird to 
the right. In three months longer, tlie observer will be at C, when the north pole of tht 
sun will incline/rom /um, and Uie spots seem to curve upward: and in three monthi^ 
longer, he will be at D, when the axis of the sun will incline to ike rights and the spote 
seem to incline downward. 

334. From the regularity with which these spots revolve, it 
is concluded, with good reason, that they adhere to the surface 
of the Sun and revolve with it. They are all found within 30" 
of his equator, or within a zone 60 in width. 

335. The apparent revolution of a spot, from any particular 
point of the Sun's disc, to the same point again, is accomplished 
in 27 days, 7 hours, 26 minutes, and 24 seconds ; but during 

nat time, the spot has, in fact, gone through one revolution, 
together with an arc, equal to that described by the Earth in 
ner orbit in the same time ; which reducest he time of the Sun's 
ikctual rotation on his axis, to 25 days, 9 hours, and 36 minutes. 

Let S represent the sun, and A sidekka]. axd SYSomO MEVOLOnoHS ov nn sum. 
the earth in her orbit. When she 
is at A, a spot is seen upon the 
uisc of the sun at B. The sun re> ^ ' 
volves in the direction of the ar- * ^^ 

rows, and in 25 days 10 hours the tS" ** .?'Ocop. 

spot comes round to B again, or * ^5j0 ,^ y^^!^i 

opposite the star E. This is a «i(2tf- /m ••.rW. j^'^^^^ 

real revolution. • f '^4?^ 

During these 25 days 8 hours, •[ &.•••- S 

the earth has passed on In her 
orbit some 26*, or nearly, to 0, 
which will require nearly two days 
for the spot at B to get directly 
toward the earth, as shown at D. 
This last Is a synodic revolution. 
It consists of one complete revolu- ^ 

tion of the sun upon his axis, and 
about 27* over. 

336. The part of the Sun's disc not occupied by spots, is far 
from being uniformly bright. Its ground is finely mottled with 
an appearance of minute dark dots, or pores, which, attentively 
watched for several days in succession, are found to be in a con- 
stant state of change. 

What the physical organization of the Sun may be, is a ques- 
tion which astronomy, in its present state, cannot solve. It 
seems, however, to be surrounded by an ocean of inexhaustible 
fiame, with dark spots of enormous size, now and then floating 
upon its surface. From these phenomena, Sir W. Herschel sup- 
posed the Sun to be a solid, dark body, surrounded by a vast 

884. Are these spots supposed to adhere to the body of the Sun ? On what part of the 
Sun arc they found f 885. What is their time of apparent revolution ? The actual 
time ? How arrived at? 886. What said of the part of the Sui about his poles? Of 
his physical organisation? What ioes it seem to be* How did Sir W. UcrfeluJ 
regard it? 
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atmosphere, almost always filled with luminous clouds, occasiou- 
ally opeoiug aud disclosiug tlie dark mass within. 

337. The speculations of Laplace were different. He im- 
agined the solar orb to be a mass of fire, and the Tiolent effer- 
Tescences and explosions seen on its surface, to be occasiound by 
the eruption of elastic fluids, formed in its interior, and tlie spots 
to be enormous caverns, like the craters of our volcanoes. 
Others have conjectured that these spots are the tops of solar 
mountains, which are sometimes left uncovered by the luminous 
fluid in which they are immersed. 

338. Among all the conflicting theories that have been 
advanced, respecting the physical constitution of the Sun, there 
is none entirely free from objection. The prevailing one seems 
to be, that the lucid matter of the Sun is neither a liquid sub- 
stance, nor an elastic fluid, but that it consists of luminous 
clouds, floating in the Sun's atmosphere, which extends to a 
great distance, and that these dark spots are the opaque body 
of the Sun, seen through the openings in his atmosphere. Her^ 
Rchel supposes that the density of the luminous clouds need not 
be greater than that of our Aurora Borealis, to produce the 
effects with which we are acquainted. 

339. The similarity of the Sun to the other globes of Jie sys- 
tem, in its s ipposed solidity, atmosphere, surface divert ied with 
mountains and valleys, and rotation upon its axis, has led to the 
conjecture that it is inhabited, like the planets, by beings whose 
organs are adapted to their peculiar circumstances. Such was 
the opinion of the late Dr. Herschel, who observed it unremit- 
tingly, with the most powerful telescopes, for a period of fifteen 
years. Such, too, was the opinion of Dr. Elliot, who attributes 
to it the most delightful scenery ; and, as the light of the Sun 
is eternal, so, he imagined, were its seasons. Hence he infers 
that this luminary offers one of the most blissful habitations for 
mtelligent beings of which we can conceive. 

887. LapUce's specalationsf What other optnionsf 888. Is there a satUfactory 
theory of the physical nature of the Sunf State the prevailing i ne f HerscheVs sappc* 
litionf 889. What conjecture in regard to the inhabitants of the Bum, and i^'vj 
irbat ft«nded? Who held to this idea? 



TOE PRIMARY PLANBV8 — MERCURY AND Vi:Nrs. P". 

CHAPTER III. 
THE PRIMARY PLANETS—MERCURY AND VEN D». 

340. Mercury is the nearest planet to the Sun that has yel 
been discovered , and with the exception of the asteroids, is the 
smallest. Its diameter is about 8,000 miles. Its bulk, therefore, 
is about sixteen limes less than that of tlic Karth. It would 
require more than twenty millions of such globes to compose a 
Ijody equal to the Sun.' 

Hf're the student should refer to the diagrams, exhibiting the relative magnitudes and 
distances of the Sun and Planets, Map I. And whenever this 8ul]|jeGt recurs in the course 
of this work, the student should r^cw to the figures of thl« Map, until he is able to form 
in his mind distinct conceptions of tne relative magnitudes and distances of all tl^e 
pianets. The Sun and planets being spheres, or nearly so, thair relative bolics are esti- 
mated by comparing the cubes of their diameters : thus, the diameter of Mercury being 
8,140 miles, and that of the Earth 7,91S ; their balks are as the cube of 8,140, to the cube 
of 7il)12, or as 1 to 16, nearly. 

341. Mercury revolves on its axis from west to east in 24 
hours, 5 minutes, and 28 seconds ; which makes its day about 
10 minutes longer than ours. It performs its revolution about 
the Sun in a few minutes less than 88 days, and at a mean dis- 
tance of nearly 37,000,000 of miles. The length of Mercury's 
/ear, therefore, is equal to about three of our months. 

The rotation of a planet on its axis, constitutes its day ; its revolution about the Sun 
constitutes its year. 

342. Owing to the dazzling brightness of Mercury, the swift- 
ness of its motion, and its nearness to the Sun, astronomers 
have made but comparatively few discoveries respecting it. 
When viewed through a telescope of considerable magnifying 
power, it exhibits at different periods all the various phases of 
the Moon ; except that it never appears quite full, because its 
enlightened hemisphere is never turned directly towards the 
Earth, only when it is behind the Sun, or so near to it as to be 
hidden by the splendor of its beams. Its enlightened hemisphere 
being thus always turned towards the Sun, and the opposite one 
being always dark, prove that it is an opaque body, similar to 
the Earth, shining only in the light which it receives from the 
Sun. 

343. Mercury is not only the most dense of all the planets, 
but receives from the Sun six and a half times as much light and 

340. Subject of Chapter III. ? Size and position of Mercury ? What map illustrates 
this sal^ect? 841. State the time of Mercury's revolution upon his axis? ' How doea 
tl'.'n compare with the Earth ? His period of revnlution around the Sun ? 342. What 
cuid of discoveries upon Cf ercury, his phases, &c.1 What proof that he Is opaqiiv* 
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beat as the Earth. The trath of this estimate, of course, 
depends upon the sapposition that the intensity of solar light and 
heat at the planets, varies inversely as the squares of their dis- 
tances from the Sun. 



raiLOtormr Of thb Dirrosioii or uoiR. 



TBir 




In this diagram the Hght is seen passing in right lines, ftrom the sun on fhe left toward 
the several planets on the right. It Is also shown that the surfaces A, B, and C receive 
equal quantities of lij^t, though B is fonr times, and C nine times as large as A ; and a* 
the light falling upon A is spread over four times as much surface at B, and nine times as 
much at C, it follows that it Is onlv one-ninth as intense at C, and (Mie-fourth at R, as it 
Is at A. Hence the rule, that the light and heat o/thepktnst U^ imtenteiif^ at the m/ita r«4 
qf tfieir rettpecthe dinianoet. 

The student may not exactly understand this last statement The square of any num- 
ber is its product, when multiplied by itself. Now suppose we call the distances A, B, 
and C, 1, 2, and 8 miles. Then the square of 1 is 1 ; the square of 2 is 4; and the square 
of 8 is 9. The light and heat, then, would be in itw«^9e proportion at these three |toints» 
as 1, 4, and 9; Uiat is, fonr times less at B than at A, and nine times less at O. The^^ 
amounts we sliould state as 3, )i, and one-ninth. 

344. This lavv of analogy, did it exist with rigorous identity 
at all the planets, would be no argument against their being 
inhabited ; because we are bound to presume that the All-wise 
Creator has attempered every dwelling-place in his empire to the 
physical constitution of the beings which he has placed in it. 

From a variety at facts which have been observed in relation to the prodnctioo of 
wdoriCt it does not appear probable, that the degree of heat on the surface of the diflierw 
ent planets depends on their respective distances fW>m the Son. It is more probable, that 
it depends chiefly on the distributiMi of the 8vi>aianoa of ecUorio on the surfaces, and 
throughout the atmospheres of these bodies, in different quantities, according to the dif« 
ferent situations which they occupy in the solar system ; and that these different quan 
titles of caloric are put into action by the influence of the solar rays, so as to produce 
that degree of setiHble heat requisite to the wants, and to the greatest benefit of each off 
the planets. On this hypothesis, which is corroborated by a great variety of facta and 
experiments, there may be no more sensible heat experienced on the planet Mercury, 
than on the surface of Herschel, which is fifty times farther removed from the Sun. 

345. The rotation of Mercury on its axis, was determined 
from the daily position of its horns, by M. Schroeter, who not 
only discovered spots upon its surface, but several mountains iu 
its southern hemisphere, one of which was lOf miles high — 
nearly three times as high as Chimborazo, in South America. 

848. His density, and light and heat ? Upon what rule is this estimate based f 844. 
Would not this law of analogy make against the doctrine that the planets are lnhab> 
Ited? Is il probable that this law does prevail? Upon what may the relative heat of th«> 
idanets depend? 845. How was his diurnal revolution determined, and by whomY 
What said of his surface f What observation respecting mountains in general f 
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It is worthy of observation, that the highest mountains which have been discovered b. 
.^lercury, Venus, the Moon, and perhaps we may add the Earth, are all situated in theii 
Bouthern hemispheres. 

346. During a few days in March and April, August and Sep- 
tember, Mercury may be seen for several minutes, in the morn- 
ing or evening twilight, when its greatest elongations happen in 
those months ; in all other parts of its orbit, it is too near the 
Sun to be seen by the naked eye. The greatest distance that it 
ever departs from the Sun, on either side, varies from 16° 12', 
to 28° 20', alternately. 

The distance of a planet from the Sun, as seen from the Earth 
(measured in degrees), is called its elongation. The greatest 
absolute distance of a planet from the Sun is denominated its 
aphelion^ and the least its perihelion. 

347. The revolution of Mercury about the Sun, like that of 
all the planets, is performed from west to east, in an orbit which 
is nearly circular. Its apparent motion, as seen from the Earth, 
is, alternately, from west to east, and from east to west, nearly 
in straight lines ; sometimes directly across the disc of the Sun, 
but at all other times either a little above or a little below it. 

Were the orbits of Mercury and Venus in the same plane with that of the Earth, they 
would cross the Sun's disc at every revolution ; but as one-half of each of their orbits is 
fbove^ and the other half beknc the ecliptic, they generally appear to pass either above 
or below the Sun. 
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Let the right line A, Joining the Earth and the Son In the above diagram, represent 
ttie'plane of the ecliptic. Now when an interior planet is in thla plane, as shown at A, 
It may appear to be upon the Sun's disc ; but if it is either above or below the ecliptic, 
as shown at B and C, it will appear to pass either above or below the Sun, as shown at 
I) and E. 

For the relative position of the planets* orbits, and their inclination to the plane of the 
ecliptic, see 1, of the Atlas. Here the dotted lines continued from the dark lines, 
denote the inclination of the orbits to the plane of the ecliptic, which Inclination is 
marlced in figures on them. Let the student fancy as many circular pieces of paper 
Intersecting each ottier at the several angles of inclination marked on the Map, and be 
will be entibled to understand more easily what is meant by the " inclination of the 
planets* orbits." 

348. Being commonly immersed in the Sun's rays in the even- 
ing, and thus 'continuing invisible till it emerges from them in 
the morning. Mercury appeared to the ancients like two distinct 
stars. A long series of observations was requisite, before thej 

846. When may Mercury be seen? Why not at other times? How far does it depart 
from the Sun ou either side? What is meant by the elongation of a planet ? Its aphe- 
'»on »nd perihel*/>n f 847. In what direction do the planets revolve around the Sun ? 
Wiiat is the npparmt motion of Mercury? Do they ever cross the Sun*sdiso? lH'jr 
a«! :it evi-ry i evoiutioit ? 84S. How was Murcury regarded by tho ;iiitnont8? 
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recognized the identity of the star which was seen to recede 
from the Sun in the morning with that which approached it ir 
the evening. But as the one was never seen until the other 
disappeared,, both were at last found to be the same planet, which 
thus oscillated on ea^h side of the Sun. 

349. Mercury^s oscillation from west to east, cr from east to 
west, is really accomplished in just half the time of its revolution 
which is about 44 days ; but as the Earth, in the mean time, 
follows the Sun in the same direction, the apparent elongations 
will be prolonged to between 55 and 65 days. 

350. The passage of Mercury or Venus directly between the 
Earth and the Sun, and apparently over this disc, is called a 
Transi*. A transit can never occur except when the interior 
planet is in or very near the ecliptic. The Earth and the planet 
must be on the same side of the ecliptic ; the planet being at 
one of its nodes, and the Earth on the line of its nodes. 



nouMonT or ninnB. 




This cut represents the ecliptic and zodiac, with the orbit of an interior planet, hia 
nodes, ike. The line of his nodes is, as sliown, in the 16* of tt and the 16* of v\,. Now if 
the earth is In 6 , on the line L N, as shown in the cut, when Mercury is at Ids ascending 
node (Q), he will se?m to pass upward over the Sun*s face, like a dark spot, as repre- 
sented In the figure. On the other hand, if Blercury is at hvi d^oending node (13), 
when the earth Is in the 16* of HI, the former will seem to pass doion/ward across the 
disc of the Sun. 

351. As the nodes of his orbit are on opposi};e sides of the 
ecliptic, and are passed by the Earth in May and November, it 
follows that all transits of Mercury must occur in one or the 
other of these months. They are, therefore, called the JVode 
rftorUks, As is shown in the diagram, the Earth passes the 

849. In what time is the oscillation of Mercury from east to west really accompllshei \ 
What is the apparent time, and why ? 850. What is a trantU t When do they <x;cur t 
What are the t^od*>* of a planet's orbit? The tine of the nodes . 851. Whatur«t thf 
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ascending Node of Mercury in November, and llie descending in 
May ; the former of which is in the 16th degree of Taurus, and 
the latter in the 16th degree of Scorpio. 

All the transits ofMercurj ever noticed have occurred In one or the other of thccc 
months, and for the reason already assigned. The flmt ever obserred took place Noveni- 
ber 6, 1631 ; since which time there have been 29 others by the same planet— 4il all 80 — 
8 in May, and 22 in November. 

352. The last tranbit of Mercury occurred November 11, 1861 ; 
and the next will take place November 4, 186S. Besides this, 
there will be four more during the present century — ^two in May. 
and two in November. 



thakbrb op mcbcubt. 

NOKTK 



The accompanying cat is a de- 
lineation of all the transits of Mer- 
cury from 1802 to the elose of the 
present centary. The dark line 
ranniug east and west across the 
Sun's center represents the plane 
of the ecliptic, and the dotted lines 
the apparent paths of Mercury in 
the several transits. The planet 
is shown at its nearest point to the 
8un*s center. Its path in the last 
transit and in the next will easily 
be found. 

The last transit of Mercury was 
observed in this country by Pro- 
fessor Mitchel, at the Cincinnati 
Observatory, and by many others 
both in America and in Europe. 
The editor had made all necessary 
preparation for observing the phe- 
nomenon at his residence, near 
Oiwego, New York ; but, unfor- 
tunately, his sky was overhung 
with clouds^ which hid the sun 
trom his view, and disappointed all 
his hopes. 

353. By comparing the mean motion of any of the planets 
with the mean motion of the Earth, we may readily determine 
the periods in which they will return to the same points of their 
orbit, and the same positions with respect to the Sun. The 
knowledge of these periods will enable us to determine the hour 
when the planets rise, set, and pass the meridian, and in general 
all the phenomena dependent upon the relative position of the 
Earth, the planet and the Sun ; for at the end of one of these 
periods they commence again, and all recur in the same order. 

We have only to find a number of sidereal years, in which the planet completes 
ixactly, or very nearly, a certain number of revolutions; that is, to find such a number 
»f planetary revolutions, as, when taken together, shall be exactly equal to one, or any 
lumber of revolutions of the Karth. In the case of Mercury this ratio will be as 87.9^ 
s to 3G5.256. Whence find that. 




SOUTH 



node months of a planet? The node months of Mercury? 852. When did the labt 
transit of Mercury occur ? When will the next take place? What ethers during the 
present century? What said of the last transit of Mercury ? 853. How may we deter- 
tains when ^nwipiS will occur? What ratio is found between the rerr^'utions o^ Mcrcnr; 
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T periodical revolations of the larth are equal to 29 of Mercury . 
18 periodical rerolutions of the Earth are equal to 51 of Alercury : 
88 periodical reToIutions of the Earth are equal to Vil of Mercury : 
46 periodical revoiutiona of the Earth are equal to li>l of Mercury. 

tlierefore, transits of Mercury, at the same oode, may happen at intervala of 7, 13^ 8:^, 46 

Ac. years. Transits of Venus, as well as eclipses of tlie iiun and Moim, are caicuiutcv^ 

upon the £>anie principle. 
The folluwiiig is a list of all the Transits of Mercury from the time the first was obs<>rY<Hl 

T)7 Oassendi, November 6, 1681, to the end of the present century : 



>w 



1681 Nov. 6. 


1707 May 6. 


1776 Nov. 2. 


1835 N.)V. 7, 


16U Not. 6. 


1710 Nov. 6. 


17S2 Nov. 13. 


1845 May S 


16&1 Nov. S. 


1728 Nov. 9. 


17S6 Miy 8. 


1843 Nov. 9, 


1661 May 8. 


1786 Nov. 10. 


1789 Nov. 5. 


1861 Nov. 11, 


1664 Nov. 4. 


1740 Nov. 2. 


1799 May 7. 


1868 Nov. 4. 


1674 May 6. 


1748 Nov. 4. 


1802 Nov. 8. 


1873 May 6. 


len Nov. T. 


1758 May 6. 


1815 Nov. 11. 


1881 Nov. T 


1690 Nov. 9. 


1756 Nov. 6. 


1322 Nov. 4. 


1391 May 9. 


1697 Nov. 9. 


1769 Nov. 9. 


1832 May 5. 


1^4 Nov. to. 



354. The sidereal revolution of a planet respects its absolute 
motion ; and is measared by the time the planet takes to revolve 
from any fixed star to the same star again. The synodical revo- 
lation of a planet respects its relative motion ; and is measared 
by the time that a planet occupies in coming back to the same 
position with respect to the Earth and the Sun. 
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Btom thia illustration, it will be seen that 
always require more time than the sidereal. • 



In the adjoining eat the revolution of 
the Earth from A, opposite the star B, 
around to the same point again, would be 
a sidereal revolution. 

Suppose the Earth and Mercury to 8tart 
together from the points A G (where Mer- 
cury would be In inferior conjunction with 
the Sun), and to proceed in the direction 
of the arrows. In 88 days Mercury would 
come around to the same point again; 
but as the Earth requires more than four 
times that number of days for a revolu- 
tion, she will only have reached the point 
D when Mercury arrives at C again ; so 
that they will not be in conjunction, and 9 
synodic revolution will not be completed 
by Mercury. He starts on, however, In 
hU second round, and constantly gaining 
upon the Earth, till in 27 days from the 
time he left C the second time, he over- 
takes the Earth at E and F, and is again in 
inferior conjunction, 
the synodic revolution of a planet must 



355. The absolute motion of Mercury in its orbit is 109,751 
miles an hour ; that of the Earth is 68,288 miles ; the differ- 
ence, 41,469 miles, is the mean relative motion of Mercury, with 
respect to the Earth. 

The sidereal revolution of Mercury is 87d. 28h. 15m. 448. Its Sffftodioal revolution u> 

hnd the Earth? 854. What is a sidereal revolution of a planet? A tynodicalt 
805. What is the aibMlute motion of Mercury in his orbit T What is that of the Earth ? 
The dilTerence, or rekUice motion of Mercury? What is his tidemil period? His 
tflfnodU t UiVls the latter ascertained ? 
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found by drviding the whc « circamference of 860" by its rdativemoiioD in respect to the 
Earth. Thus, the mean daily motion of Mercury is 147S2'.5&5; that of the Earth is 
8548* .318 ; and their difference is 11184' .287, being Mercury's relative motion, or what it 
gains on the Earth every day. Now by simple proportion, 11184'.2d7 is to 1 day, as 860* 
is to llfid. 21 h. 8', 24', the period of a synodical revolution of Mercury. 



VENUS. 

356. There are but few persons who have not observed a 
beaatifal star in 'the west, a little after sunset, call the evening 
star. This star is Venus. It is the second planet from the 
Sun. It is the brightest atar in the firmament, and on this 
account easily distinguished from the other planets. 

If we observe this planet for several days, we shall find that 
it does not remain constantly at the same distance from the Sun, 
but that it appears to approach, or recede from him, at the rate 
of about three-fifths of a degree every day ; and that it is some- 
times on the east side of him, and sometimes on the west, thus 
continually oscillating backwards and forwards between certain 
limits. 

35 1. As Venus never departs quite 48° from the Sun, it is 
never seen at midnight, nor in opposition to that luminary ; 
being visible only about three hours after sunset, and as long 
before sunrise, according as its right ascension is greater or less 
than that of the Sun. At first, we behold it only a few minutes 
after sunset ; the next evening we hardly discover any sensible 
change in its position ; but after a few days, we perceive that 
it has fallen considerably behind the Sun, and Ihat it continues 
to depart farther and farther from him, settingJater and later 
every evening, until the distance between it and the Sun is 
equal to a little more than half the space from the horizon to the 
zenith, or about 46°. It now begins to return toward the Sun, 
making the same daily progress that it did in separating from 
him, and to set earlier and earlier every succeeding evening, 
until it finally sets with the Sun, and is lost in the splendor of 
his light. 

358. A few days after the phenomena we have now described, 
we perceive, in the morning, near the eastern horizon, a bright 
star which was not visible before. This also is Venus, which is 
now called the morning star. It departs farther and farther 
from the Sun, rising a little earlier every day, until it is seen 

866. Describe Venus. What called P Distance from the Sun ? What change of post* 
lion observable ? 857. Greatest distance to which she departs from the Sun ? What 
consequence f How and when seen ? Sod. What next after these phenomena ? 
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about 46° west of him, where it appears stationary for a few 
days ; then it resumes its course towards the Sua, appearing 
later and later every morning, until it rises with the Sun, and 
we cease to behold it. In a few days, the evening star again 
appears in the west, very near the setting suji, and the same 
phenomena are again exhibited. Such are the visible appear- 
ances of Venus. 

359. Venus revolves about the Sun from west to east in 2241^ 
days, at the distance of about 69,000,000 of miles, moving in 
her orbit at the rate of 80,000 miles an hour. She turns 
around on her axis once in 23 hours, 21 minutes, and t seconds. 
Thus her day is about 25 minutes shorter than ours, while her 
year is equal to t^ of our months, or 32 weeks. 

360. The mean distance of the Earth from the Sun is estimated 
at 95,000,000 of miles, and that of Venus being 69,000,000, 
the diameter of the Sun, as seen from Venus, will be to his 
diameter as seen from the Earth, as 95 to 69, and the eorfaoe 
of his disc as the square of 95 to the square of 69, that is, 
as 9025 to 4761, or as 2 to 1, nearly. The intensity of light 
and heat being inversely as the square of their distances from 
the Sun (No. 342), Venus receives twice as much light and heat 
as the Earth. 

361. The orbit of Venus is within the orbit of the Earth ; 
for if it were not, she would be seen as often in opposition to the 
Sun, as in conjunction with him ; but she was never seen rising 
in the cast while the Sun was setting in the west. Nor was she 
ever seen in quadrature, or on the meridian, when the Sun was 
either rising or setting. Mercury's greatest elongation being 
about 23° from the Sun, and that of Venus about 46°, the orbit 
of Venus must be outside of the orbit of Mercury. 

362. The diameter of Venus is about 7.900 miles; but her 
apparent diameter and brightness are constantly varyins:, accord- 
ing to her distance from the Earth. When Venus and the 
Earth are on the same side of the Sun, her distance from the 
Earth is only 26,000,000 of miles ; when they are on opposite 
sides of the Sun, her distance is 164,000,000 of miles. Were 
the whole of her enlightened hemisphere turned towards u'i 
when she is nearest, she would exhibit a light and brilliancy 



859. What is Venus* sidereal period? Distance from the Sun? Rate of moticii 
Time of rotation upon her axis? How, then, do her day and year compare with ours? 
S60. How must the Sun appear from Venus, and why? W^hat of her light and heatt 
861. Where s the orbit of Venus situated? What proof of this? 862. Venu»* diame- 
ter? Her apparent diameter? State her least and greatest distances from the fCartt 
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twenty-five times greater than she generally does, and appear 
like a smaU brilliant moon ; bat, at that time, her dark hemi- 
sphere is turned towards the Earth. 

When VeniLi approaches nearest to the Earth, her apparent^ or observed diameter ib 
6r.2; when most remote, it is only 9" .6 ; now 61".2-i-9'.6=6?-i. hence when nearest the 
Earth her apparent diameter is ^Vt times greater than when most distant, and surface 
of her disc \i/i*yi or nearly 41 times greater. In this worl£, the apparent size of the 
heavenly bodies is estimated from the apparent surface of their discs, which is always 
proportional to the squares of their apparent diameters. 

363. Mercury and Venus are called Interior planets, because 
their orbits are within the Earth^s orbit, or between it and the 
Sun. The other planets are denominated Exterior^ because their 
orbits are without or beyond the orbit of the Earth. (Map I.) 
As the orbits of Mercury and Venus lie within the Earth^s orbit, 
it is plain, that once in every synodical revolution, each of these 
planets will be in conjunction on the same side of the Sun. In 
the former case, the planet is said to be in its inferior conjunc- 
tion, and in the latter case, in its superior conjunction ; as in the 
following figure. 



MARS IN CONJUNCTION 

- e-- — 

6 
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MARS IN OPPOSITION 



Let the student imagine him- 
self stationed upon the earth iu 
the cut. 'Fhen the sun and three 
planets above are in con^no* 
tion. The hiferior and supe- 
rior are distinguished ; while at 
A, a planet is shown iu quadra- 
ture^ and at the bottom of the 
cut the planet Mars in opponi- 
tion with the sun and interior 
planet. 

The period of Venus' synodi- 
cal revolution is fomid in the 
same manner as that of Mer- 
cury; namely, by dividing the 
whole circumference of her orbit 
by her mean relative motion in 
a day. Thus, Venus* absolute 
mean daily motion is 1* 86' 7\S, 
the Earth's is 59' 8' .8, and theii 
difference is, 86 1/9' .6. Divide 
860' by 86' 69'.5, and it givt^s 
588.920, or nearly 584 days fur 
Venus* synodical revolution, or 
the period in which she is 
twice in coi^unction with the 
Earth. 



364 When Venus' right ascension is less than that of the 
Sun, she rises before him ; when greater, she appears after his 
setting. She continues alternately morning and evening star, 
for a period of 292 days, each time. 

How would she appear if we saw her enlightened side when nearest to us? What com- 

?utation In the fine print ? 868. How are Mercury and Venus distinguished, and why Y 
Vhnt said of conjunctions t Describe the inferior and superior t How is the period of 
Venna* synodical revolution found ♦ 864. When is Venus evening star' Mornin.gV 
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anlil Vcniu hu ixined hmlf licr DrbK. nr IS>i- in KdiKnce of (tie Einh ; acid Ihli, u t 
OKU rite. wDl riquln iM tli^,*iDcc«»£>ai'=IUi<U', « ISO- nuirlj'. 

3C5, Venna passes from her inferior to lier superior conjunc- 
tion in about 202 days. At h(;r iufurJor conjunction, she i» 
26,000,000 of miles from tUe Eitrlb -, at her superior conjunc- 
tion, 164,000,000 of miles. It might be expected that her brit 
liancy would be proportionally increased, in the one case, and 
diminished in t)ie other ; and so it would be, were it not that 
her enlightened hemisphere is turned more and more from ns, as 
she approaches thu Earth, and comes more and more into view 
as nhe recedes from it. It ia to this cause alone that »e must 
attribute the uniformity of her splendor, as it usually appears to 
the naked eye. 

366. Mercury and Tenna present to us, snccessively, the 
varioDB shapes and appearances of the Moon ; waxing and 
waning through different phases, as sliowa in the following cut, 
from the beautiful crescent to the full rounded orb. .This fact 
shows, that they revolve around the Sun, and between the Sun 
and the Earth. 



SST. From her inferior to lier superior conjunction, Venns, 
appears on the west side of the Sun, and is then our morning 
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litar ; from her superior to her inferior conjanctioD Ehe apficnrh 
tm the east side of the San, and is then onr eveniDg star. Theae 
phenomena are illastrated by the following diagram. 



u at It. She D1U1I 



A B repr«*nl tin) Mnsi 



ib« ^' nUitionurtf." At L and M fhe would ba li 

her dallT rDtsiloD, nllh the Sun i>n the mcrl< 
L, we night readHy waich Venui Ibrough her wl 



368. Like Mercury, Venus sometimes seems to be stationary. 
Her apparent motion, like !iis, is sometimes rapid [ at one tinii;, 
direct, and at another, retrograde ; vibrating alternately bafli- 
wards and forwards, from west to east, and from east to v/est. 
These vibrations appear to extend from 45° to 41°, on each side 
of the Sun. 



369. In passing from her western to her eastern elongation, 

»». Ii ahe erer Oatbrnar^r What other Irregularlliei In her apparenl motlooF 
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her motion is from west to east, m tht order of the signs ; it ifi 
thence called direct motion. In passing from lier eastern to lier 
western elongation, her motion with respect to the Earth is 
from east to west, contrary to the order of the sign? ; it is 
thence denominated retrograde motiofi. Her motion appears 
quickest about the time of her conjunctions ; and she seems sta- 
tionary at her elongations. She is brightest about thirty-six 
days before and after her inferior conjunction, when her light is 
so great as to project a visible shadow in the night, and some- 
times she may be seen with the naked eye even at noon-day. 



IMBBCT jk>D BCmOOUAIHi MOTMRa. 
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The cause of the apparent re- 
trogression of the iiUerior planeta 
is the fact that they revolve much 
more rapidly than the earth, from 
which we view them ; causing 
their direct motion to appear to 
be retrograde. 

Suppose the earth to be at A, and Venas nc 
B, she wouki appear to be at G, axnoog Ui<r 
Btara. If the earth remained at A whiU- 
VeauB was passing from B to D, she wou2«( 
seem to retrograde from G to E; but as t}i«: 
earth passes from A to F while Venus gof« 
from B to D, Venus will appear to be at G 
and the amount of her apparent westward 
motion will only be from G to O. 

370. If the orbit of Yenus lay 
exactly in the plane of the Earth's 
orbit, she would pass centrally 
across the Sun's disc, like a dark 
round spot, at every inferior conjunction; but, as one-half 
of her orbit lies about 3^° above the ecliptic, and the other half 
as far below it, she will always pass the Sun a very little above 
or below it, except when her inferior conjunction happens in, or 
near one of her nodes ; in which case she will make a transit. 
(See cuts, pages 179 and 180.) 

This phenomenon, therefore, is of very rare occurrence ; it can 
happen only twice in a century ; because it is only twice in that 
time that any number of complete revolutions of Venus are just 
or nearly equal to a certain number of the Earth^s revolutions. 

The principle which was illustrated in predicting the transits of Mercury, appJiio 
oqu.Uly well to those of Venus ; that is, we must find such seU of numbers (represenung 

ariehtest? State the cause of the apparent retrograde motion? 870. Why have we not 
I transit at every revolution of Venus? How frequent, therefore? How predicted i 
A'id.n flo ho.r nodes cut tlie ecliptic? 
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aomplete revolationB of the Earth and Venus; as shall be to each other In the ratio i,t 
iLeIr periodical times, or as 865.256 is to 224.T. Thus : the motion of Venus, in the Julian 
fears, 1&21«)6591'.52; tliat of the Earth for the same period being 129627' .45, the ratio 

vill be ^VqV^T 'ff * "^^ ^^*^ ^^^ terms of this fraction cannot be reduced by a com 
mon divisor, we must multiply them by such numbers as will make one a multiple of the 
other; accordingly, 18 times the denominator will be nearly equal to 8 times the nume^ 
rator ; and 475 times the der;<iminator will equal 291 times the numerator. 

By combining these two periods and their multiples by addition and subtraction, wo 
shall obtain the period of all the transits that have ever happened. Thus : 291—8 x 7=2S5, 
another period ; and 291—6 x 8=243, another period, and so on. Whence we find that 
8 periodical revolutions of the Earth are equal to 13 of Venus: 
235 periodical revolutions of the Earth are equal to 8S2 of Venus : 
240 periodical revolutions of the Earth are equal to 395 of Venus: 
251 periodical revolutions of the Earth are equal to 4(>S of Venus : 
291 periodical revolutions of the Earth are equnl to 475 of Venus. 
Hence a transit of Venus may happen at the same node, after an interval of 8 years , 
but if it do not happen then, it cannot iaike place again at the same node, in less than 
235 years. The orbit of Venus crosses the ecliptic near the middle of Gemini and Sagit* 
tarius ; and these points maric the position of her nodes. At present, her ascending node 
Is in the 14th degree of Gemini, and her descending node in the same degree of S/.git- 
tarius. 

371. The node months of Venus are December and Jane. 
The line of her nodes lies in Gemini ( n ) and Sagittarius ( 4^ ) ; 
and as the Earth always passes those points in the months 
named, it follows that all transits of Venus must occur in those 
months for ages to come. 

This proposition will be well understood by consulting the cut on page qOq ; for as thu 
line of Venus' nodes is only one sign ahead of that of Mercury, the Earth will reach 
that point in the ecliptic in one month after slie pusses the line of Mercury's nodes; so 
that if his transits occur in May and November, hers should occur in June and December, 
as is always the case. 

272. The first transit ever known to have been seen by any 
human being, took place at the ascending node, December 4th, 
1639.* If to this date we add 235 years, we shall have the 



* This phenomenon was first witnessed by Horrox, a young gentleman about 21 years 
of age, living in an obscure village 15 miled north of Liverpool. The tables of Kepler, 
constructed upon the observations of Tycho Brahe, indicated a transit of Venus in 1631, 
but none was observed. Horrox, without much assistance from books and instruments, 
set himself to inquire into the error of the tables, and found that such a phenomenon 
might be expected to happen in 1639. He repeated his calcuUitions during this interval, 
with all the carefulness and enthusiasm of a scholar ambitious of being the first to predict 
and observe a celestial phenomenon, which, from the creation of the world, had never 
been witnessed. Confident of the result, he coinmunicuted his expected triumph to a 
confidential friend residing in Mancliester, and desired him to watch for the event, and 
to take observations. So niixious was Horrox not to fail of witnessing it himself, that he 
commenced his observations the day before it was expected, and resumed them at the 
rising of the Sun on the morrow. But the very liour when his calculations led him to 
jxpect the visible appearance of Venus on the Sun's disc, witH aim the aj.pointed Iu>ur 
^•r t/i^ public looi^rthip of Gaf on Vie Sahhath-. The delay of a few minutes might 
deprive him for ever of an opportunity of observing the transit. If its very commence- 
ment were not noticed, clouds might intervene, and conceal it until the Sun should set: 
aud nearly a century and a half would elapse before another opportunity would occur. 
He had been waiting for the event with the most ardent anticipation for eight years, and 
the result promised much benefit to the science. NotwithHtanding all Viis^ Ilorroa> 
twice suspended his observations and twice repaired to the Iloyise of God^ the Great 
Author of the bright works he delighted to contemplate. When his duty was thus per • 



871. Which are her node months V 372. When was the first transit observed » ^Vhal 
interesting anecdote P 
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lime of the next transit at the same node, which will accordingly 
happen in 1874. There will be another at the same node iu 
1882, eight years afterwards. It is not more certain that this 
phenomenon will recnr, than that the event itself will engross- 
the attention of all the astronomers then living upon the Earth. 
It will be anticipated, and provided for, and observed, in every 
inhabited quarter of the globe, with an intensity of sohcitude 
which no natural phenomenon, since the creation, has ever 
excited. 

373. The reason why a transit of Venus should excite so great 
an interest is, because it may be expected to solve an important 
problem in astronomy, which has never yet been satisfactorily 
done : — a problem whose solution will make known to us the 
magnitudes and masses of all the planets, the true dimensions of 
their orbits, their rates of motion around the Sun, and their 
respective distances from the Sun, and from each other. It may 
be eia^pected, in short, to furnish an universal standard of astro- 
nomical measure. Another consideration will render the obser- 
vadon of this transit pecnliariy favorable ; and that is, astrono- 
mers will be supplied with better instruments, and more accurate 
means of observation, than on any former occ^ision. 

So important, says Sir Jolm Hersdiel, have these obserrations appeared to astronomers, 
that at the last transit of Venus, in 1769, expeditions were fitted out, on the most efficient 
scale, hj the British, French, Russian, and other governnients, to the remotest corners of 
the globe, for the express purpose of making them. The celebrated expedition of Captain 
Cook to Otalieite, was ons of them. The general result of all the observations made ou 
this most memorable occasion, gives 8'J^776 for the Sun^s horizontal parallax. 

374. The phenomena of the seasons of each of the planets, 
like those of the Earth, depend upon the inclination of the axis 
of the planet to the plane of its orbit, and its revolution around 
the Sun. The inclination of the axis of Venus to the plane of 
her orbit, though not precisely known, io commonly estimated at 
75°, as represented to the eye in the following cut : 



rormed, and he had returned to his chamber the ser^nd time, his love of science was 
j^atified with full successi ; and he saw what no mortal eye had observed before ! 

If anything can add interest to this incident, it is the modesty with which the younfr 
astronomer apologizes to tlie world, for »HHpendiug liis observations at all. 

" I observed it," says he, " from sunrise till nine o'clock, again a little before ten, and 
lastly at noon, and from one to two o'clock ; the rest of the day Veing devoted to highe' 
duties, which m^ht not be neglected for these pastimes." 



When the next? When another ? How will it be regarded ? 878. Why shoola sncti 
an event excite general interest? Remark cf Sir John Uerschel F What expedition and 
what results? 374.' Upon what do the teutons ot the planets depend? What is tho 
inclination of Venus' axi^ ti the plane t .er orbit? How Is her orbit aii>iated v!tta 
fcferrn;** to the ecliptic? 



THE PRIMARY PLANETS ^MERCURY ANl/ VENUS. 191 

nCUKATIQK or TICKDS* AXI3. 





nt OF VENUS' oRBrr 



PLAI 

PLANE or TaC eCLIPTtC 



The orMf of Tenos departs from the edipHo SItf*, whUe ber aeria U faxelined to the 
plane of her orbit 75*, as shown in the aboye figure. This distinction should be kept 
definitely iu view hy the student. 

315. The declination of the Snn on each side of Venus' equa- 
tor, must be equal to the inclination of her axis ; and if this 
extends to 75°, her tropics are only 15® from her poles, and her 
polar circles only 15° from her equator. It follows, also, that 
the Sun must change his declination more in one day at Venus^ 
than in five days on the Earth ; and, consequently, that he never 
shines vertically on the same places for two days in succession 
This may, perhaps, be providentially ordered, to prevent the too 
great effect of the Sun's heat, which, on the supposition that it 
is in inverse proportion to the square of the distance, is twice as 
great on this planet as it is on the Earth. 

876. At each pole of Venus, the Sun continues half of her 
year without setting in summer, and as long without rising in 
winter ; consequently, her polar inhabitants, like those of the 
Earth, have only one day and one night in the yeaj* ; with this 
difference, that the polar days and nights of Venus are not quite 
two-thirds as long as ours. 

Between her polar circles, which are but 15° from her equator, 
there are two winters, two summers, two springs, and two 
autumns, every year. But because the Sun stays for some time 
near the tropics, and passes so quickly over the equator, the win- 
ters in that zone will be almost twice as long as the summers. 

The north pole of Venus' axis inclines towards the 20th 
degree ol Aquarius ; the Earth's towards the beginning of Can- 
cer ; consequently, the northern parts of Venus have summer 
in the signs where those of the Earth have winter, and vice versd. 

377. When viewed through a good telescope, Venus exhibits 
not only all the moon-like phases of Mercury, but also a variety 
of inequalities on her surface ; dark spots, and brilliant shades, 
hills and valleys, and elevated mountains. But on account of 

P75. What is the amount of the Snn's declinatiou upon Venus ? What results f What 
supposed design in this arrangement? 876. What said of the polar regions of Venus f 
What of her seasons ? How is her nortli pole situated irith respect to the heavcuM f 
What consequence? 877. Uow does Venus appear through a iclcscooc^ 
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tbe great deiuntj of her atmosphere, tbest: iacqnalities art per 
ceired with more difficulty than those npon tbe otber plaaets. 



3T8. The monntains of Venus, like those of Mercury and th? 
MooQ, are highest iu tlie southern hemisphere. According to 
M, Schroeter, a celebrated German astronomer, who spent more 
than ten years in observations upon this planet, some of her 
inouutains rise to the enormous height of from ten to twenty- 
two miles. The observations of Br. Herschel do not indicate bo 
great an altitude ; and he thinks, that in general they are con- 
siderably overrated He estimates the diameter of Venus at 
8649 miles ; making her bulk more than one-sixth larger than 
that of the Earth. Several eminent astronomers ai&rm, that 
they have repeatedly seen Venus attended by a satellite, and 
they have given circumstantial details of its size and appearance, 
its periodical revolution and its distance from her. It is said to 
resemble our Moon in its phases, its distance, ai'd its magnitude. 
Other astronomers deny the existence of such a body, because 
it was not seen with Venus on the Sun's disc, at the transits of 
1701 and 1739. It probably does not exist. 

THE EARTH. 

3T9. The Earth is the place from which all onr observations 

of tbe heavenly bodies must necessarily be made. The apparent 
motions of these bodies being very considerably affected by her 
figure, motions, and dimensions, these hold an important place in 
ustronoraicai science. It will, therefore, be proper to con^der, 
first, some of the methods by which they have been determined. 
If, standing on the sen-shore, in a clear day, we view a ship 
leaving the coast, in wny direction, the hull or body of the vessel 

Whj la> dlMincl lh»n Ihe other pl»iiet»t 8T3. Wlitre »k hM hlchnt monntalpa 
Jllii«liHlt Tllclrheighlf RFmurtoI Dr. nmchet! Ui> estimate af Venal' dianietcr? 

pUoeti In the iiudj of uliouomjf lYhu nKHSiuy, therelottt Wh«t proof ot lUl 
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rirsl disappears ; afterwards the ri^ng, and lastly tho top </ 
the mast vanishes from onr sight. 






380, Again : navigators have sailed quite around the Earth, 
uii\ thns proved its convexity. 



»il, towards U 
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Franeii DruVt. who ullcd from Plyo 
smber 18. 1671, wUh B.e >m>U rttSfli 
r«d It ihe lame plue, September it 

leg, Nmrl, Sh&rteD. Uereinllee, Duii|rfi 
OB, Bttod, C^rlerel, Wallto, BoupilDT 



381. These navigators, by sailing in a westerly direction, 
allowance being made for promontories, &c., arrived at the coun- 
try they sailed from. Hence the Earth mnst be either cylindri- 
cal or globular. It cannot be cylindrical, because, if so, the 
meridian distances would all be equal to each other, which is 



le, Sepleinbcr T, Ift^S. 



IV4 ASTROMOMT. 

coutrar; to obHerTati<m. The figure of the Earth is, therefore 
sjihericiil. 

382, The convexity of the Earth, north and south, is proved 
by the variation in the altitude of the pole, and of the circnm- 
p<flar stare ; this is found uniforml; to increase &8 we approach 
them, and to diminish as we recede from tbem. 



drprmMmofOte ii&tr,ata*v 

883. The form of the Earth's shadow, as seeu upoa the Mo<hi 
ai au eclipse, indicates the globular figure of the Earth, aud the 
consequent convexity of its surface. 




Ih Id tphorlokir Wbkl 



THE PRIMARY PLANETS THE EARTH. 



lOo 



Uere the Earth a etc2>e as shown at A, or in the form of ^prUm, ai represented at JBL 
tier shadow would be more or less cubical or prismatic, as seen in the cat ; but instead 
nf this, it is conveaa on all sides^ as represented at C, plainly indicating the convexity of 
the Earth by which it is caused. 

The curvature of the Earth for one miU is 8 inches ; and this curvatare Increases with 
the square of the distance. From this general law it will be easy to calculate the distanoe 
at which any object whose height is given, may be seen, or to determine the height of an 
object when the distance is Icnown. 

1st To find the height of the oluect when the distance is given. 

RuLB. IHnd the square of Vie digtanee in tnilea^ and take two-tMrds of thai number, 
for the heigJU in feet. 

Ex. 1. — How high most the eye of an observer be raised, to see the surface of the 
ocean at the distance of three miles? Ana. The square of 8 ft. is 9 ft., and H of 9 ft. is 
6 ft. Ex. 2. — Suppose a person can jvst see the top of a spire over an extended plain of 
tea miles, how high is the steeple f Ans. The square of 10 is 100, and % of 100 Is 
66^ feet. 

2. To find the distance when the height is given. 

Rdlb. Increase the heigJU •» feei one-haQ', and eastract the square root^ far the dig 
tanee in tnilee. 

Ex. 1. — How far can a person see the surface of a plain, whose eye is elevated six 
feet above it? Ant. 6, increased by half, is 9, and the square root of 9 is 8 : the distance 
is tJien 8 miles. Ex. 2. — ^To what distance can a person see a lighthouse whose height 
is 96 feet from the level of the ocean ? Ans. 96 increased by its half, Is 144, and the 
•qaare root of 144, is 12 ; the distance is therefore 12 miles. 

3. To find the curvature of tlie Earth when it exceeds a mile. 
Rdlb. Multiply the equare of the dista/nce by .000126. 

384. Although it appears from the preceding facts, that the 
Earth is spherical, yet it is not a perfect sphere. If it were, the 
length of the degrees of latitude, from the equator to the poles, 
would be uniformly the same ; but it has been found, by the 
most careful measurement, that as we go from the equator 
towards the poles, the length iTicreases with the UUitiute. 

These measurements have been made by the most eminent mathematicians of different 
countries, and in various places, from the equator to the arctic circle. They have found 
that a degree of latitude at the arctic circle was nvna-sioeteentha of a mile longer tlian a 
degree at the equator, and that the ratio of increase for the intermediate degrees was 
nearly as the squares of the sines of the latitude. Thus the theory of Sir Isaac Newton 
was confirmed, that the body of the Earth was more rounded and convex between the 
tropics, but considerably flattened towards the poles. 



Places of 
ObservcOion. 


Latitude. 


Length qf a degree in 
Snglish tmles. 


Observers. 


Pern 

Pennsylvania 

Italy 

France 

England 

Bjveden 


Equator. 
89' 12' N. 
48 01 
46 

61 29 M" 
66 20 10 


68.782 
68.896 
68.998 
69.054 
69.146 
69.292 


Bouguer, 

Mason and Dixon, 

Boscovich and Lemaire, 

Delambre and Meohain, 

Mudge, 

Swamberg. 



385. These measurements prove the Earth to be an oblate 
spheroid, whose longest or equatorial diameter is 1926 miles, and 
polar diameter, 1899 miles. The mean diameter is, therefore, 
about 7912, and their difference 27 miles. The French Acade- 

884. But is the earth a 9pAeref Wtmt proof to the contrary? 885. What, then, io 
'he earth's real figure ? What difference in her polar and equatorial diameters? Wnat 
dumonstriitSon tliat the earth is not an exao^^sphere ? 
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roj have determined that the mean diameter of the Earth, from 
the 45th degree of north latitude, to the opposite degree of 
south latitude, is accurately 7912 miles. 

If the Earth were an exact sphere, its diameter might bo 
determined by its curyature, from a single measurement. Thus, 
in the adjoining figure, we have A B equal to 1 mile, and B I> 
equal to 8 inches, to find A E, or B E, which does not sensibly 
differ from A E, since B D is only 8 inches. Now it is a propo- 
sition of Euclid (B. S, prop. 36), that, when from a point with- 
out a circle, two lines be drawn, one cutting and the other 
touching it, the touching line (B A) is a mean proportional bC" 
tween the cutting line (B E) and that part of it (B O) without 
the circle. 

BD: BA: : BEorAE very nearly. 
That is, 1 mile being equal to d8,860 inches, 
8 : 03,860 : : 1 : 7,920. miles. 
This is yery nearly what the most elaborate calculations make the Earth's equatorial 
diameter. 

386. The Earth, considered as a planet, occupies a favored 
rank in the Solar System. It pleased the All-wise Creator to 
assign its position among the heavenly bodies, where nearly all 
the sister planets are visible to the naked eye. It is situated 
next to Yenus, and is the third planet from the Sun. 

To the scholar who for the first time takes up a book on astronomy, it will no doubt 
seem strange to find the Earth classed with the heayenly bodies. For what can anpear 
more unlike, than the Earth, with her yast and seemingly immeasurable extent, and the 
stars, which appear but as points? The Earth is dark and opaque, the celestial btvdies 
are brilliant. We perceive \a it no motion ; while in them we observe a continual change 
of place, as we view them at different hours of Uie day or night, or at different seasoufi 
of the year. 

387. It moves round the Sun from west to east, in 365 days, 
6 hours, 48 minutes, and 48 seconds ; and turns the same way, 
on its axis, in 23 hours, 56 minutes, and 4 seconds. The former 
is called its annual motion, and causes the vicissitudes of the 
seasons. The latter is called its diurnal motion, and producef? 
the succession of day and night. 

The Earth's mean distance from the Sun is about 95,000,000 
of miles. It consequently moves in its orbit at the mean rate of 
68,000 miles an hour. Its equatorial diameter being 7926 miles, 
it turns on its axis at the rate of 1040 miles an hour. 

Thus, the Earth on which we stand, and which has served for ages as the unshaken 
foundation of the firmest struoturcs, is every moment turning swiftly on its center, arii. 
at the same time, moving onwards with great rapidity through the empty space. 

This compound motion is to be understood of the whoie Earthy with all that It holdd 
within its substance, or sustains upon its surface — of the solid mass beneath, of tho 
ocean which flows aronnd it, of the air that rests upon It. and of the clouds which float 
above it in the air. M 



8SC. What said of the position of the earth in the system ? What remark as to classf 
fying the earth as a planet? 887. Slate the time of the earth^s revolution around tho 
8 \r. ? On her own axis ? What are they called, respectively ? What is the eartli't* 
fa«H& distance from the sun ? ^ Its mean rate of motion in its orbit ? Hourly motion tf 
bodies at the equator? What twofold motion there? Includes what? 
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388. That the Earth, in common with all the planets, revolves 
around the Sun as a center, is a fact which rests upon the clear- 
est demonstrations of philosophy. That it revolves, like them, 
upon its own axis, is a truth which eyery rising and setting sun 
illustrates, an(t which very many phenomena concur to establish. 
Either the Earth moves around its axis every day, or tkt whok 
universe moves around it in the same time. There is no third 
opinion that can be formed on this point. Either the Earth 
must revolve on its axis every twenty-four hours, to produce the 
altc*rnate succession of day and night, or the Sun, Moon, planets, 
comets, fixed stars, and the whole frame of the universe itself, 
must move around the Earth, in the same time. 

389. To suppose the latter case to be the fact, would be to 
cast a reflection on the wisdom of the Supreme Architect, whose 
laws are universal harmony. As well might the beetle, that in 
a moment turns on its ball, imagine the heavens and the earth 
had made a revolution in the same instant. It is evident, that 
in proportion to the distance of the celestial bodies from the 
Earth, must, on this supposition, be the rapidity of their move- 
ments. The Sun, then, would move at the^ rate of more than 
400,000 miles in a minute ; the nearest stars, at the inconceiv- 
able velocity of 1,400,000,000 of miles in a second; and the 
most distant luminaries, with a degree of swiftness which no 
numbers could express, and all this, to save the little globe wo 
tread upon, from turning safely on its axis, once in twenty-four 
hours. 

390. The idea of the heavens revolving about the Earth, is 
encumbered with innumerable other difficulties. We will men- 
tion only one more. It is estimated on good authority, that 
there are visible, by means of glasses, no less than 100,000,000 
of stars, scattered at all possible distances in the heavens above, 
beneath, and around us. Now, is it in the least degree probable, 
that the velocities of all these bodies should be so regulated, 
that, though describing circles so very different in dimensions, 
they should complete their revolutions in exactly the same time? 
In short, there is no more reason to suppose that the heavens 
revolve around the Earth, than there is to suppose that they 
revolve around each of the other planets, separately, and at the 
same time ; since the same apparent revolution is common to 
them all, for they all appear to revolve upon their axis, in differ- 
ent periods. 

888. What two motions has the earth ? What proof of her diurnal rerolation f VW. 
\Vhy not suppose the hcarens revolve around itt f 890. What ftA-ther prooYf 
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391. The rotation of the Earth determines the length of the 
day, and may be regarded as one of the most important ele- 
ments in astronomical science. It serves as an nniversal measure 
of time, and forms the standard of comparison for the revola- 
tions of the celestial bodies, for all ages, past and to come. 
Theory and observation concur in proving, that among the innu- 
merable vicissitudes that prevail throughout creation, the period 
of the Earth's diurnal rotation is immutable. 



80LAB AND SIDEREAL TIME. 

392. The Earth performs one complete revolution on its axis 
in 23 hours, 66 minutes, and 4.09 seconds, of solar time. This 
IS called a sidereal day^ because, in that time, the stars appear 
to complete one revolution around the Earth. 

But, as the Earth advances almost a degree eastward in its 
orbit, in the time that it turns eastward around its axis, it is 
plain that just one rotation never brings the same meridian 
around from the Sun to the Sun again ; so that the Earth 
requires as much more than one complete revolution on its axis 
to complete a solar day, as it has gone forward in that time. 
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80LAB ^Sl— — "^ 
$UN ON Tac MUIDIAN 



To the man at A the Sun (S) !s exactly on the meridian, or it is twelve o'doek, noon. 
The Earth passes on from B to D, and at the same time revolves on her axis. When she 
reaches D, the man who has stood on the same meridian has made a complete revolation, 
as determined hj the star 0- (which was also on his meridian at twelve o'clock the day 
before) ; but the Sun is now e^ of the meridian, and he mast wait four minutea for the 
Earth to roll a little ftirther eastward, and bring the Bun again over his north and south 
line. If the Earth was not revolving around the Sun, her solar and sidereal days would 
be the same ; but a* H is, she has to perform a little more than one complete revolution 
each solar day, to bring the Sun on the meridian. 

393. It is obvious, therefore, that in every natural or solar 
day, the Earth performs one complete revolution on its axis, and 
the 365th part of another revolution. Consequently, in 36f> 
days, the Earth turns 366 times around its axis. And as every 

891. What relatiou \r\* the earth's diurnal revolution to time t What said of its regu- 
larity? 892. What is the time required for a complete revolution ? Explain the (differ- 
once between Boiar and sidereal time ? 898. Is a solar day more than a complete 
revel oilop af Cb» earth ou her axis? To what does this excess amount is u yearf 
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rcYolatioQ of the earth on its axis completes a sidereal day, 
there mast be 366 sidereal days in a year. And, generally, 
since the rotation of any planet abont its axis is the length of a 
sidereal day at that planet, the number of sidereal days will 
always exceed the number of solar days by one, let that number 
be what it may, one revolution being always lost in the course 
of an annual revolution. tThis differeoce between the sidereal 
ai^d solar days may be illustrated by referring to a watch or'*' 
clock. When both hands set out together, at 12 o'clock for 
instance, the minute hand must travel more than a whole circle 
before it will overtake the hour hand, that is, before they will 
come into conjunction again. «. 

394. In the same manner, if a man travel around the Earth 
mstwardly, no matter in what time, he will reckon cut day more, 
on his arrival at the place whence he set out, than they do who 
remain at rest ; while the man who travels around the Earth 
wtstwarcUy will have mvt day less. From which it is manifest, 
that if two persons start from the same place at the same time, 
but go in contrary directions, the one traveling eastward and 
the other westward, and each goes completely around the globe, 
although they should both arrive again at the very same hour 
at the same place from which they set out, yet they will disagree 
two whole days in their reckoiing. Should the day of their 
return, to the man who traveled westwardly, be Monday, to 
the man who travelled eastwardly, it would be Wednesday ; 
while to those who remained at the place itself, it would be 
Tuesday. 

395. Nor is it necessary, in order to produce the gain or loss 
of a day, that the journey be performed either on the equator, 
or on any parallel of latitude : it is sufficient for the purpose, 
that all the meridians of the Earth be passed through, eastward 
or westward. The time, also, occupied in the journey, is equally 
unimportant ; the gain or loss of a day being the same, whether' 
the Earth be traveled around in 24 years, or in as many hours. 

396. It is also evident, that if the Earth turned around ita 
axis but once in a year, and if the revolution was performed the 
same way as its revolution around the Sun, there would be per- 
petual day on one side of it, and perpetual night on the other. 

Hence what general rulef What illustratioa referred tof 894. What effect has tra- 
veling east or west, upon time? Hence what resait? 8U5. Is it important that the sup- 
posed Journeys be performed in a short period? 896. How would it be if tLe Bartlj 
revolved on her axis but once a year? 
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Firom these fkcts the papil will readily comprehend the princiides inyolred in a cnrioiu 
problem which appeared a few years ago. It was gravely reported by an American ship, 
that, in sailing over the ocean, it chanced to find sia S/undays in February. The fouet 
was insisted on, and a solution demanded. There is nothing absurd in this. The man 
who travels around the earth eatUoardiyt will see the Sun go down a little earlier every 
succeeding day, than if he had remained at rest ; or earlier than they do who live at the 
place from which he set oat. The faster he travels towards the rising sun, the sooner 
will it appear above the horizon in the morning, and so much sooner will it set in the 
evening. What he thus gains in Mme, will bear the same proportion to a solar day, as 
the distance traveled does to the circumference of the Earth. As the globe is 860 degrees 
in circumference, the Sun will appear to move over one twenty-fourth part of its surface, 
'''' or 14* every hour, which is 4 minutes to one degree. Consequently, the Sun will rise, 
come to tlie meridian, and set, 4 minutes sooner, at a place 1* east of us, than it will 
with OS : at the distance of 2* the Sun will rise and set 8 minutes sooner ; at the distance 
of 8*, 12 minutes sooner, and so on. 

Now the man who travels one degree to the east, the first day will have the Sun on his 
meridian 4 minutes sooner than we do who are at rest ; and the second day 8 minates 
sooner, and on the third day 12 minutes sooner, and so on ; each successive day being 
completed 4 minutes earlier than4he preceding, until he arrives again at the place from 
which he started : when this continual gain of 4 minutes a day will have amounted to a 
whole dny in advance of our time ; he having seen the Sun rise and set once more than 
we have. Consequently, the day on which he arrives at home, whatever day of ^e 
week it may be, is one day in advance of ours, and he must needs live that day over 
again, by calling the next day by the same name, in order to make the accounts 
harmonize. 

If this should be the last day of February in a bissextile year, it would also be the 
same day of the week that the Jtrtt was, and be six times repeated, and if it should 
happen on Sunday, he would, under these circumstances, have six Sundays in February. 

Again : whereas the man who travels at the rate of one degree to the east, will have 
all his days 4 minutes shorter than ours, so, on the contrary, the man who travels at the 
same rate towards the west, will have all his days 4 minutes longer than ours. When he 
has finished the circuit of the Earth, and arrived at the place from which he first set 
out, he will have seen the Sun rise and set once less than we have. Consequently, the 
day he gets home will be one day after the time at that place; for which reason, if he 
arrives at home on Saturday, according to his own account, he will have to call the next 
daj Monday; Srmday having gone by before he reached home. Thus, on whatever day 
of the week January should end, in common years, he would find the same day r<;p4*ated 
only three limes in February. If January ended on Sunday, he would, under these cir> 
eum^tances, find only three Sundays in February, 

397. The Earth's motion about its axis being perfectly equable 
and uniform in every part of its annual revolution, the sidereal 
days are always of the same length, but the solar or natural days 
vary very considerably at different times of the year. This varia- 
tion is owing to two distinct causes, the inclination of the Earth's 
axis to its orbit, and the inequality of its motion around the Sun 
From these two causes it is, that the time shown by a well-regu- 
lated clock and that of a true sun-dial are scarcely ever the 
same. The difference between them, which sometimes amounts 
to 16J minutes, is called the Equation of Time, or the equation 
of solar days. 

What curious facts accounted for ? What supposition of a man traveling eastward 
one degree a day? What effect upon the time of the Sun*s passing the meridian? Upon 
the length of his da} ? What change of name may it require ? 897. Are the solar 
and sidereal days alik *. uniform as to length ? Why do solar days vary in length ? Yflig 
do not a dialuxd oloeJb agree? What is the ^guati4>n qf Time t 
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Tho difference between N 

necM and apparent time, 
or, iu other words, between 
EquinocUal and JScliptie 
time, may be farther shown 
by this figure, which repre- 
Bents the circles of the 
sphere Let it be first pre* 
raised, thit equinoctial time 
ia clock time ; and that 
ecliptic time is 9<dar or 
ap^rent time. It appears 
that from Aries to Cancer, 
the Sun In the ecliptic comes 
to the meridian before the 
equinoctial Sun ; from Can* 
cer to Libra, after it ; from 
Libra to Capricorn b^bre 
it; and firom Capricorn to 
Aries after it. If we notice 
what months the Sun is in 
these several quarters, we 
shall find that from the 85th 
of December to the 16th of 
April, and fh>m the 16th of 
June to the 1st of Septem- 
ber, the dock ie fuuier than 
the sun-dial ; and that, from 

the 16th of April to the 16th of June, and from the Ist of September to the S9th of Dew 
ihe wut-dAal ia faster than the clock. 

398. It IS an aniversal fact, that, while Qone of the planets are 
perfect spheres, none of their orbits are perfect circles. The 
planets all revolve abont the San, in ellipses of different degrees 
of eccentricity ; having the San, not in the center of the ellipse, 
bat in one of its foci. 

The figure A D B E la an elUpae. The line A B ia 
ealled the transverse axis, and the line drawn throng 
the middle of this line, and perpendicular to it, is the 
conjugate axis. The point C, the middle of the trans- 
verse axis, is the center of Uie ellipse. The points 
F and f, equally distant firom G, are called thb Jboi, 
C F, the distance from the center to one of the foci, 
is called the eccentricity. The orbits of the planets 
being ellipses, having the Sun in one of the foci, if 
A D B E be the orbit of a planet, with the Sun in the 
focus F, when the planet is at the point A, it will be in 
its perihelion^ or nearest the Sun ; and when at the 
point B in i(« aphelion^ or at ita greatest distance 
from the Sun. The difference in these distances is 
evidently equal to F f, that is, equal to twice the eccentricity of its orbit. In every revo- 
lution, a planet passes through its perihelion and aphelion. The eccentricity jt the 
Earth's orbit is nbout one and a half millions of miles; hence she is 8,000,000 of mfles 
nearer the Sun in her perihelion, than in her aphelion. 

Now as the Sun remains fixed in the lower focus of the Earth's orbit, it is easy to per- 
.eive that t\ line, passing centrally through the Sun at right angles with the longer axis 
of the orbit, will divide it into two unequal segments. JPredsely thus it is divided by 
</t« equinoctial. 

399. That portion of the Earth^s orbit which lies above the 




898. What is the true form of the planets* orbits f Why is equinoctial time irregular f 
899. How is the Earth'* orbit divided by the equinoctial ? 
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San, or north of the equinoctial, contains about 184 de^ees , 
while that portion of it which lies below the Sun, or south of the 
equinoctial, contains only 176 degrees. This fact shows why 
the Sun continues about eight days longer on the north side of 
the equator io summer, than it does on the south side in winter. 
The exact calculation, for the year 1830, is as folio (ts : 

d. h. m. d. h. m. 

^rom the remtl equinox to the rammer iolstice, =92 21 19 ) -.go -t-i hq 

From the summer solstice to the autumnal equinox, = 98 14 1 ' 

From the autumnal equinox to the winter solstice, =89 17 17) ^^q ^o t^ 

Pfrom the winter solstice to the rernal equinox, =89 i i^f ^*o xo 9m 

DifRerence in faTor of the north side, = 7 16 49 

The points of the Earth's orbit which cwre8p<»d to its greatest and least distances 

from the Sun, are called, the former the Apogee^ and the latter the Perigee; two Greek 

words, the former of which signifies from Pie Earth, and the latter iibout the Earth. 

These points are also designated by the common name of Apeidea, 

400. The Earth being in its perihelion about the 1st of Jan- 
uary, and in its aphelion the 1st of July, we are 3,000,000 of 
miles nearer the Sun in winter than in midsummer. The reason 
why we have not, as might be expected, the hottest weather 
when the Earth is nearest the Sun, is, because the Sun, at that 
time, having retreated to the southern tropic, shines so obliquely 
on the northern hemisphere, thatrits rays have scarcely half the 
effect of the summer Sun ; and continuing but a short time above 
the horizon, less heat is accumulated by day than is dissipated 
by ntght. 

401. As the Earth performs its annual revolution around the 
Sun, the position of its axis remains invariably the same ; always 
pointing to the North Pole of the heavens, and always main- 
taining the same inclination to its orbit. This sepms to be pro- 
videntially ordered for the benefit of mankind. If the axis of 
the Earth always pointed to the center of its orbit, all external 
objects would appear to whirl about our heads in an inexplicable 
maze. Nothing would appear permanent. The mariner could 
no longer direct his course by the stars, and every index in 
nature would mislead us. 

What phenomenon does this explain? 400. When is the Earth in its perihelion ? It? 
aphUiou f Wliat difference in its distance from the Sun ? Why, then, have we not tho 
Taraest wsather in January ? 401. What said of the permanency of ttie Earth's axis? 
How would it be if either pole was toward the Sun? 
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CHAPTER IV. 
TIIE MOON— HEiY DISTANCE, MOTIONS, PHASES, &o. 

402. There is no object within the scope of astronomical 
observation wliich affords greater variety of interesting investi- 
gation than the various phases and motions of the Moon. From 
them the astronomer ascertains the form of the Earth, the vicis- 
situdes of the tides, the causes of eclipses and occultations, the 
distance of the Sun, and, consequently, the magnitude of the 
solar system. These phenomena, which are perfectly obvious to 
the unassisted eye, served as a standard of measurement to aU 
nations, until the advancement of science taught them the advan* 
tages of solar time. It is to these phenomena that the nariga- 
tor is indebted for that precision of knowledge which guides Mm 
with well-grounded confidence through the pathless ocean. 

The Hebrews, the Greeks, the* Romans, and, in general, all 
the ancients, used to assemble at the time of new or full Moon, 
to discharge the duties of piety and gratitude for her unwearied 
attendance on the Earth, and all her manifold uses. 

The philosophy of the changes of the Moon is illustrated by 
the following cut : 

PHIL080PET OF TBI MOOll'S CHAVOn. 



•IBBOUS 



€^- 
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FULL 
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This cut represents the moon rerolving eastward around the Earth. In the lutsidi 
circle, lihe is represented as she would appear, if viewed from a direction at right angiej 
with the plane of her orbit. The side toward the Son is enlightened in erery case, and 
she appears lUce a half moon at every point. 

4<^i2. What sfti 1 or the Moon*a motions and phases f What learned from them? How 
M'iri! anciently? How at thr present time? How did the ancients observe the new :it. \ 
full ir.oons? 

9* 
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The interior suit represents her as she appears when viewed from the earth. At A ft la 
New Moon ; and if seen at all so near the Sun, she would appear like a dark globe. At 
B she would appear like a crescent, concave toward the east. At C, more of her enlight- 
ened side is visible ; at D still more ; and at E the enlightened hemisphere is fully in 
view. We then call her a F-uU Moon. From E around to A again, the dark portion 
becomes more and more visible, as the luminous part goes out of view, till she comes ** 
her change at A. When at D and F the moon is said to^be ffibbotts. 

403. When the Moon, after having been in conjunction witli 
the Sun, emerges from his rays, she first appears in the evening, 
a little after sunset, like a fine luminous crescent, with its convex 
side towards the Sun. If we observe her the next evening, we 
find her about 13° farther east of the Sun than on the preceding 
evening, and her crescent of light sensibly augmented. Relocat- 
ing these observations, we perceive that she departs farther and 
farther from the Sun, as her enlightened surface comes more and 
more into view, until she arrives at her first quarter , and comes 
to the meridian at sunset. She has then finished half her course 
from the new to the full, and half her enlightened hemisphere is 
turned towards the Earth. 

404. After her first quarter, she appears more and more gih- 
bousj as she recedes farther and farther from the Sun, until she 
has completed just half her revolution around the Earth, and is 
seen rising in the east when the Sun is setting in the west. She 
then presents her enlightened orb full to our view, and is said 
to be in opposition ; because she is then on the opposite side of 
the Earth with respect to the Sun. 

In the first half of her orbit she appears to pass ov(»r our 
heads through the upper hemisphere ; she now descends below 
the eastern horizpn to pass through that part of her orbit which 
lies in the lower hemisphere. 

405. After her full she wanes through the same changes of 
pearance as before, but in an inverted order ; and we see her in 
the morning like a fine thread of light, a little west of the rising 
Sun. For the next two or three days she is lost to our view, 
rising and setting in conjunctto-n with the Sun ; after which, she 
passes«over, by reason, of her daily motion, to the ecLst side of 
*^he Sun, and we behold her agjiin, a new Moon, as before. In 
changing sides with the Sun, she changes also the direction of 
her crescent. Before her conjunction it was turned to the east ; 
it is now turned towards the west. These different appearances 
of the Moon are called her phases. They prove that she shines 



408. Explain the cause of the changes of the Moon f 404. How after her first quarter? 
406. How after her full ? What change in her crescent? What do the Moon*g phaseri 
prove ? 
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Kit by arxy lif^ht of her own ; if she did, being globular, wo 
should always «ee her a round full orb like the Sun. 

406. The Moon is a satellite to the Earth, about which she 
revolves in an elliptical orbit, in 29 days, 12 hours, 44 minutes, 
and 3 secondls ; the time which elapses between one new moon 
and another. This is called her synodic revolution. Her revo- 
lution from any fixed star to the same star again, is called her 
periodic or sidereal revolution. It is accomplished in 27 days, 7 
hours, 43 minutes, and 1 1^ seconds ; but in this time, the Earth 
has advanced nearly as many degrees in her orbit ; consequently, 
the Moon, at the end of one complete revolution, must go as 
many decrees farther, before she will come again into *Jie same 
position with respect to the Sun and the Earth. 

HinWtl. AID BTSODIO BSTOLUTIOIIS OF TBS MOOV. 
j» .?!?.?.'!5.*':..?!?y.<>l"TI0M ITl^DAVS B^ ^ Jl •; 

/V^i \ 

SUN AND MOON IN COMJUNOTION. NEW moon; ^c^ ^ • 
- i?? ® ^ i 

Oa the right, the earth ii shown in her orbit, revolving around the sun, and the moon 
in her orbit, revolving around the earth. At A, the lun and moon are in cot0iimcHon^ 
or it is JVmo Moan. As the earth passes from D to B, the moon passes around from A to 
B, or the exact point in her orbit where she was 27 H dAJB before. But she is still west 
of the sun, and must pass on from B to C, or 1 day and 20 hours longer, before she can 
again come in conjunction with him. This 1 day and 20 hours constitutes the differenco 
between a sidereal and a synodic revolution. 

The student will perceive that the difference between a sidereal and synodic revolution 
of the moon, like that between solar and sidereal time, is due to the same cause, namely, 
the revolution of the earth around the sun. 

407. Lying along the Moon's path, there are nine conspicu- 
ous stars that are used by nautical men for determining their 
longitude at sea, thence called nautical Uars, These stars are, 
ArieteSj Aldebaran^ Pollux, ReguluSf Spica VirginiSy AiUares, 
Allaire, Fomalhaut, and Markab. 

The true places of these stars, for every day in the year, are given In the Nautical 
llmanac, a valuable work publivlied annually by the English *' Board of Admiralty," to 
^ide mariners in navigating the seus. They are usually published two or three years In 
wlvance. for the benefit of long voyages 

Ijet A in the cut represent Greenwich Observatory, near London. B is the Moon, and 
her apparent pi ace among the dlstaht stars, about 40* west of the star D. The ship B, 
having Greenwich time, as well as her own local time, sails from London westward ; 

406. Form of the lunar orbit ? Time of gynocfic revolution? Of Hd^rcal revolution? 
^Tat difierence? 4('7. What are the f}^ittf/c<'^ ^/r*Mf Can y»u explaip howlo.igitude 
^ »«<rfrt;iitic<l b> Ui«:tn? 
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bat on obseryisg the Moon when, hj Oreeniricu. 
time, she ought to be at G, she is found to be at F. or 
only about 20' weat of the star D. It is, therefore, 
obvious that the «/(i/> is wesi of Greenwich, as the 
Moon appears eoM of her Greenwich place. From 
this difference between her place as laid down in the 
tables, :tDd t.er observed place, as referred to cer- 
tain prominent 8t irs, the mariner determines hovT 
far he in east or west of the meridian of Greenwich. 
The Moon's geocentric place (or place as viewed 
from tia* center uf the Eurtli) may be given instead 
of her Greenwich iilace, and the same conclusions 
arrived at. In either case, this is called the lunar 
method of determining the longitude. It is also ascer- 
tained by simple comparison of local and standard 
time, tliat a man, says Sir John Herschel, by merely 
measuring the Moon's apparent distance from a sbar, 
with a little portable instrument held in his hand, 
and applied to his eye, even with so unstable a foot- 
ing as the deck of a ship, shall say positively within 
five miles where he is, on a boundless ocean, cannot 
but appear to persons ignorant of physical astronomy 
an approach to the miraculoua. And yet, says h» 
the altematirea of life and death, wealth and ruio 
are daily and hourly staked, with perfiect oonfldeace 
on these marvellous computations. 

408. The Moon is the nearest of all the heavenly bodies, being 
about thirty times the diameter of the Earth, or 239,000 miles, 
distant from us. Her mean daily motion in her orbit is nearly 
fourteen times as great as the Earth^s ; since she not only accom- 
panies the Earth around the Sun every year, but, in the mean 
time, performs nearly thirteen revolutions about the Earth. 

Although the apparent motion of the Moon in her orbit is greater than that of any 
other heavenly body, since she passes over, at a mean rate, no less than 18* 10' 85' in a 
day ; yet this is to be understood as angular motion^ — motion in a small orbit — and 
tlierefore embracing a great number of aegre^B^ and but comparatively few miles. 
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409. The point in the Moon's orbit 
nearest the Earth is called Perigee, from 
the Greek _peyi, about, and gt, the earth. 
The point most distant is called Apogee, 
from ajpo, from, and ge, the earth. These 
two points are also called the apsides 
of her orbi*^ ; and a line joining them^ 
the Urn of the apsides. 

See the Moon in apogee and perigee in the out The 
singtdar of apsides is ap«U, 

410. The line of the apsides of the 
Moon's orbit is not fixed in the ecliptic, 
but revolves slowly around the ecliptic, 



408. The Moon's distance? Daily motion in orbit? How many degrees? 409 
Perigee and Apogee ? Derivation? What other name for these two points? What it 
ihcon^of the apside9? 410. Is this line stationary? What motion? Its perimj cf 
rc-jolut'on* 
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from west to east, in the period *««'<>'' of th. APsmis. 

of about nine years. 

In the adjoining cut, an attempt is made to 
represent this motion. At A, the line of the 
apsides points directly to the right and lefl ; 
but at B, C, and D, it is seen changing its 
direction, till at E the change is very percep- 
tible when compared with A. But th« same 
ratio o^ change continues ; and at the end of 
a year, when the Earth reaches A again, the 
line of the apsides is found to have revolved 
eastward to the dotted line I K, or about 40*. 
In nine years the aphelion point near A will 
have made a complete revolution, and return- 
ed U) its original position. 

411. The line of the Moon's 
nodes is also in revolution ; but 
it retrogrades or falls back westward^ making the circuit of the 

tic once in about nineteen years. 

41 2. Though her orbit is an ellipse, 
with respect to the Earth, it is, in 
reality, an irregular curve, always 
concave toward tke Sun, and crossing 
the Earth's orbit every 13° nearly. 
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If the Earth stood still in her orbit, the Moon 
would describe Just such a path in the ecliptic as 
she describes with respect to the Earih. 

If the Karth moved but slowly on her way, the 
Moon would actually retrograde on the ecliptic at 
tho time of her change, and would cross her own 

path at every revolution, as shown in the adjoin- •-..-'4-..^ •^. ^'i'...-* 

Ing figure. But as the Earth advances some '•..'•'^'^H**'*'/ 

46,000,000 of miles, or near 100 times the diameter **•— * *»••■•'* 

of the Moon's orbit, during a single lunation, it is 

eviden'- that the Moon's orbit never can return into itself, or retrograde, as here repro- 
sented. 

That the lunar orbit is always concave toward the Sun, may be demonstrated by the 
above diagram. 



THI moon's orbit ALWAYS C05CAVS TOWARD TUB SUN. 

^•;;;5IJ,..— ~——-——f— ©—+••••— — *• ^ 

^..■gr- "— T 



Let the upper carve line A B represent an arc of the Earth's orbit, equal tc thai 
passed through by the Earth during half a lunation. Now the radius and arc being 
known, it is found that the chord A B must pass more than 400,000 miles within the 
Earth. But as the Moon departs only 240,000 from the Earth, as shown in the figure, it 
follows that she must describe the curve denoted by the middle line, which is concave 
toward the Sun. 

This subject may be still further illustrated by the following cut : 



411. How with the line of the Moon's nodes? 418. What is the actual form of tho 
Moon's orbit? How if the Earth stood still? Iiow if she moved but slowly? How is 
ie Moon's urbit demonstrated to be always concave towards the Sun? 
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413. Tlie moon never retrogrades on the ecliptic, or retams 
into her o\tji pnth again ; but is always advancisg with tbc 
Earth, at tlie rute of not Irss thau 65, TOO miles per hoar. 
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414. In her jonrneyings eastward, the Moon often eeems tc 
mil over and obscure the distant planettt 
and stars, This pheuomeuon is called 
n octultation. 



,i tbu> diillnctlj cihihi 
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MOON*S BBVCLUTION^ 
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416. Th? Moon revolves once on her axis exactly in the time 
that she performs her revolution around the Earth. This is evi- 
dent from Ler always presenting the same side to the Earth ; 
for if she had no rotation upon an axis, every part of her surface 
would be presented to a spectator on the Earth, in the courue 
of her sy nodical revolution. It fol- 
lows, then, that there is but one. day 
and night in htr year, containing, 
both together, 29 days, 12 hours, 
44 minutes, and 3 seconds." 

Suppose a monament erected upon the Moon's 
surface, so as to point toward the Earth at New 
Moon^ as represented at A. From the Earth it 
would appear in the Moon's center. Now if the 
Moon so revolve upon her axis, in the direction of 
the arrows, as lu keep the pillar pointing directly 
toward the Earth, as shown at A, B, C, and D, and 
the intermediate points, she must make just one 
revolution on her axis during her periodic revolu- 
tion. At A, the pillar points /rom- the Su/n^ and at 
C toward him : showing that, in going half'Way 
round the Earth, she has performed half a revolu- 
tion upon her axis. 

416. Though the Moon, always presents nearly the same hemi- 
sphere toward the Earth, it is not always predsdy the same. 
Owing to the ellipticity of her orbit, and the consequent 
inequality of her angular velocity, she appears to roU a little on 
her axis, first one way and then the other — thus alternately 
revealing and hiding new territory, 
as it were, on her eastern and west- 
ern limbs. This rolling motion east 
and west is. called her lihration in 
Umgitvdt. 
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The accompanying cut will illustrate the 8ul:|ject 
of the Moon's llbrations in longitude. 

From A around to C, the angular motion is 
dower than the average, and the diurnal motion 

fains upon it, bO that the pillar points we«i of the 
!arth, and we see more of the easUm limb of the 
m'oon. 

From G to A, again, the 'Moon tLdyuncesfouter 
than a mean rate, and gains upon the diurnal 
revolution ; so that the pillar points east of the 
Earth, and we see more of the Moon's western 
limb. Thus she seems *^ librate or roll, first 
o le way and then *\.c other, during every periodic 
revolution. 
At B, we see most of her eastern limb ; and at D, most of ber western. 

417. The axis of thp Moon is inclined to the plane of her 
orbit only about one and a half degrees ( 1° 30 1 0.8 ). But this 

415. How often does the Moon revolve on her axis? How is it known ? Whatfollo7& 
from this fact? 416. What are tlie Moon's librations? In Longitude f 417. In 
Irfi^iidef 
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slight inclination enables us to see first one pole and then the 
other, ill her revolution around the Earth. These slight rolling 
motions are called her librations in latitude 

As tiie Inclination of the Earth's axis brings first one pole and then the other toward the 
Sutif and produces the seasons, so the inclination of the Moon's axis brings first one pole 
and then the other in view from the Earth. But as her inclination is only 1^*, the 
libration in latitude is very slight. 

418. As the Moon turns on her axis only as she moves around 
the Earth, it is plain that the inhabitants of one half of the 
lunar world are totally deprived of the sight of the Earth, unless 
they travel to the opposite hemisphere. This we may presume 
they will do, were it only to view so sublime a spectacle ; for it 
is certain that from the Moon the Earth appears ten tinus larger 
than any other body in the universe. 

419. As the Moon enlightens the Earth, by reflecting the light 
of the Sun, so likewise the Earth illuminates the Moon, exhibit- 
ing to her the same phases that she does to us, only in a con- 
trary order. And, as the surface of the Earth is 13 times as 
large as the surface of the Moon, the Earth, when full to the 
Moon, will appear 13 times as large as the full Moon does to us. 
That side of the Moon, therefore, which is towards the Earth, 
may be said to have no darkness at all, the Earth constantly 
shining upon it with extraordinary splendor when the Sun is 
absent ; it therefore enjoys successively two weeks of illumina- 
tion from the Sun, and two weeks of earth-light from the Earth. 
The other side of the Moon has alternately a fortnight's light, 
and a fortnight's darkness. 

420. As the Earth revolves on its axis, the several continents, 
seas, and islands, appear to the lunar inhabitants like so many 
spots of diflTereut forms and brightness, alternately moving over 
its surface, being more or less brilliant, as they are seeu through 
intervening clouds. By these spots, the lunarians can not only 
determine the period of the Earth's rotation, just as we do that 
of the Sun, but they may also find the longitude of their places, 
as we find the latitude of ours. 

421. As the full Moon always happens when the Moon is 
directly opposite the Sun, all the full moouc ^'n our lointer, must 
happen when the Moon is on the Tiorth side of tne equinoctial, 

418. Can all the Lunarians see the Earth f How Urge must she appear from thc- 
Moon ? 419. What said of her light and phases ? How, then, are the two hemispheres of 
the Moon enlightened ? 420. Uow must the Earth appear to the Lunarians, and what 
may they infer from the motion of the spots seen on her surface? 421. W'lere is tlie 
Moon at the yW^ in winter? Li summer? Why? What result as tn moonlight At th« 
poled ? 
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because then the Sun is on the south side of it ; consequently, at 
the north pole of the Earth, there will be a fortnight's moon- 
light and a fortnight's darkness by turns, for a period of six 
mouths, and the same will be the fact during the Sun's absence 
the other six months, at the south pole. 

422. The plane of the Moon's orbit is very near that of the 
ecliptic. It departs from the latter only about 5^° (5° 8' 48".) 

INGUKATION OF THS MOOH'B OBBIT TO THB FLAKB OF TBS BGLIPTIC. 




EOLIPTie 
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Let the line A B represent the plane of the Earth^g orbit, and the line joining the Moon 
at C and D would represent the inclination of the Moon's orbit to that of the Earth. At 
C the Moon would be within the Earth's orbit, and at D exterior to it ; and it would bn 
Full Moon at D, and New Moon at C. 

423. The Moon's axis being inclined only about l|-° to her 
orbit, she can have no sensible diversity of seasons ; from which 
we may infer, that her atmosphere is mild and uniform. The 
quantity of light which we derive from the Moon when full, is at 
least 300,000 times less than that of the Sun. 

This is Monsieur Bouquer's inference, from his experiments, as stated by La Place, in 
hit work, p. 42. The result of Dr. Wollaston's computations was different Professor 
Leslie makes the light of Uie Moon 150,000 times less than that of the Sun ; it was for- 
m<^rly reckoned 100,000 times less. 

424. The Moon, though apparently as large as the Sun, is the 
smallest of all the heavenly bodies that are visible to the naked 
eye. Her diameter is but 2162 miles ; consequently her surface 
is 13 tim,es less than that of the Earth, and her bulk 49 times 
less. It would require 70,000,000 of such bodies to equal the 
volume of the Sun. The reason why she appears as large as the 
Sun, when, in truth, she is so much less, is because she is 400 
times nearer to us than the Sun. 

425. When viewed through a good telescope, the Moon pre- 
sents a most wonderful and interesting aspect. Besides the 
large dark spots, which are visible to the naked eye, we perceive 
extensive valleys, shelving rocks, and long ridges of elevated 
mountains, projecting their shadows on the plains below. Single 
mountains occasionally rise to a great height, while circalar hol- 
lows more than three mUes deep, seem excavated in the plains. 

422. How is the Moon's orbit situated with respect to the ecliptic 7 428. What is 
the inclination of the Moon's axis, and what effect has it on her seasons and atmosphere f 
What is the amount of light derived from the Moon as compared with the Suu, and iu 
thereany difference of opinion on this point? 424. What said of the apparent and 
real diameters of the Moon? Compared with the Earth? Tlie Sun? Why, thcut 
appear as large as he does? 425. How does she appear through a te1c!>copc? 



ASTRONOMY. 



Brlghl points of liglii.1 



426. Tlie Moon's monntain scenery bears a striking resem- 
blance to the tovrerini^ sablimity and terrific raggedoesfi of the 
Alpine regions, or of the Apennines, after which some of ber 
tnonntaina have been named, and of the Cordilleras of our oa'u 
continent. Huge masses of rock rising precipitously from the 
plmns, lift their peaked sommits to an immense height in the air, 
while shapeless cr^s hang o^er their projecting sides, and seem 
on the eve of being precipitated into tlie tremendous chasm 
below. 

Around the base of these frightful eminences, are strewed 
numerous loose and nnconnected fragments, which time acems to 
have detached from their parent mass ; and when we examine 
the rents and ravines which accompany the overhanging cliffs, 
the beholder expects every moment that they are to be torn 
from tlieir base, and that the process of destructive separation 
wJiich he had only contemplated in its effects, is about to be 
exhibited before him in all its reality. 

421. Tlie range of mountains called the Apennines, which 
traverses a portion of the Moon's disc from northeast to south- 
west, and oi which some ports are visible to the naked eye, rises 

i-X. Whkt Hid ot the Unoo'i monnUlD BeDWT? 411. Of the Apannioa ->"a- 
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with a precipitous and craggy front from the level of the Mart 
Imhrium^ or Sea of Showers. In this extensive range are several 
ridges whose summits have a perpendicular elevation of four 
miles, and more ; and though they often descend to a much 
lower level, they present an inaccessible barrier on the northeast, 
while on the southwest they sink in gentle declivity to the 
plains. 

428. There is one remarkable feature in the Moon's surface 
which bears no analogy to anything observable on the Earth 
This is the circular cavities which appear in every part of her 
disc. Some .of these immense caverns are nearly four miles deep, 
ana forty miles in diameter. They are the most numerous in the 
southwestern part. As they reflect the Sun's rays more 
copiously, they render this part of her surface more brilliant 
than any other. They present to us nearly the same appearance 
as our Earth might be supposed to present to the Moon if all 
our great lakes and seas were dried up. 

429. The number of remarkable spots on the Moon, whose 
latitude and longitude have been accurately determined, exceeds 
200. The number of seas and lakes, as they were formerly con- 
sidered, whose length and breadth are known, is between 20 and 
30 ; while the number of peaks and mountains, whose perpen- 
dicular elevation varies from a fourth of a mile to five miles in 
height, and whose bases are from one to seventy miles in length 
is not less than one hundred and fifty. 

Graphical views of these natural appearances, accompanied with minute and familiar 
descriptions, constitute what is called Helenograjphy^ from two Gftelc words, which mean 
*he same thing in regard to the Moon, as Geography does in regard to the Earth. 

430. An idea of some of these scenes may be formed by con- 
ceiving a plane of about 100 miles in circumference, encircled by 
a range of mountains, of various forms, three miles in perpen- 
dicular height, and having a mountain near the center, whose 
top reaches a mile and a half above the level of the plain. From 
the top of this central mountain, the whole plain, with all its 
scenery, would be distinctly visible, and the view would be 
bounded only by a lofty amphitheatre of mountains, rearing'their 
summits to the sky. 

431. The bright spots of the Moon are the mountainous 
regions ; while the dark spots are the plains, or more level parts 
of her surface. There may be rivers or small lakes on this 



428. A^'hat remarkable feature of the &Ioon*8 surface noticed ? 429. What numbei 
?' r-^marlLable spots ? Of " seas or iaices ? '* Of mountains ? What is Selenography ? 
1:^1 . H< -v conceive ja-Uy of the lunar scenery? 431. Wliat are the brightest spoUi or 
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planet ; but it is generally thought, by astronomers of the preaen* 
day, that there are no seas or large collections of water, as was 
formerly supposed. Some of these mountains and deep valley 
are visible to the naked eye ; and many more are visible through 
a telescope of but moderate powers. 

432. A telescope which magnifies only 100 times will show a 
spot on the Moon's surface, whose diameter is 1223 yards ; ana 
one which magnifies a thousand times, will enable us to perceive 
tiny enlightened object on her surface whose dimensions are only 
122 yards, which does not much exceed the dimensions of some 
of our public edifices, as for instance, the Capitol at Washington, 
or St. PauFs Cathedral. Some years since, Professor Frauen- 
hofer, of Munich, announced that he had discovered a lunar 
edifice, resembling a fartification^ together with several lirvts of 
road. The celebrated astronomer Schroeter, conjectures the 
existence of a great city on the east side of the Moon, a little 
north of her equator, an extensive canal in another plape, and 
fields of vegetation ir another. 



CHAPTER T. 

SOLAR AND LUNAR ECLIPSES. 

433. Of all the phenomena of the heavens, there are none 
which engage the attention of mankind more than eclipses of the 
Sun and Moon ; and to those who are unacquainted with astro- 
nomy, nothing appears more wonderful than the accuracy with 
which they can be predicted. In the early ages of antiquity, 
they were regarded as alarming deviations from the established 
laws of nature, presaging great public calamities, and other 
tokens of the divine displeasure. 

* In China, the prediction and observance of eclipses are made a matter of state policy, 
in order to operate upon the fears of ttie ignorant, and impose on them a superstitiouH 
regard for the occult wisdom of their rulers. In Mexico, the natives fast and afflict them* 
selves, during eclipses, under an apprehension that the Great Spirit is in deep sufferance 
Some of the northern tribes of Indians have imagined that the Moon had been wounded 
in a quarrel ; and others, that she was about to be swallowed by a huge fish. 



the Moon's surface? The dark ones? 4tS2. How small ol^jects maybe st;en on the 
Moou's surface? What announcement by Frauenhofer? Coigecture of S«-h! otter/ 
488. Subject of Chapter V.? Remark respecting eclipses? How regarded by tli* 
ancients? Id China? Mexico? By northern Indians? Anecdote of Coluoibas * 
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It was by availing himtelf of these snperstitioos notions, that Oolambns, when ship- 
vreclced on the island of Jamaica, extricated himself and crew from a most erabarrasA- 
ing condition. Being driven to great distress for want of provisions, and the native^) 
refusing him any assistance, when all hope seemed to be cat off, he bethought himself of 
their superstition in regard to eclipses. Having assembled the principal men of the 
island, he remonstrated again«t their inhumanity, as being offensive to the Great Spirit : 
and told them that a great plugue was even then ready to fall upon them, and as a token 
of it, they would that night see the Moon hide her face in anger, and put on a dreadfully 
dark and threatening aspect. This artifice had the desired effect; for the eclipse had cc 
sooner begun, than the frightened barbarians came running with all kinds of provisions, 
and throwing themselves at the feet of Columbus, implored his forgiveness. — Alanagetst^ 
vol. /., 66 c. «. 2. 

434. An eclipse of the Sun* takes place, when the iark body 
of the Moon, passing directly between the Earth and the Sun, 
intercepts his light. This can happen only at the instant of «6W 
moon, or when the Moon is in conjunction ; for it is only then 
that she passes between us and the Sun. 

An eclipse of the Moon takes place when the dark body of 
the Earth, coming between her and the Sun, intercepts his light, 
and throws a shadow on the Moon. This can happen only at the 
time of fuU moon, or when the Moon is in opposition ; for it is 
only then that the Earth is between her and the Sun. 

435. As every planet belonging to the solar system, both pri- 
mary and secondary, derives its light from the Sun, it must cast 
a shadow towards that part of the heavens which is opposite to 
the Sun. If the Sun and planet were both of the same magni- 
tude, the form of the shadow cast by the planet, would be that 
of a cylinder, and of the same diameter as the Sun or planet. 

CTUHDRICAL SHADOW. 





Here the Sun and planet are represented as qf Vie sa/me «i«0, and the shadow of the 
latter is in the form of a cylinder, 

436. If the planet were larger than the Sun, the shadow would 
continually diverge, and grow larger and larger ; but as the Sun 
is much larger than any of the planets, the shadows which they 
cast must converge to a point in the form of a cone, the length 
of which will be proportional to the size and distance of the 
planet from the Sun. 

484. When do wlar eclipses occur T Why only then? Lunar? Why only at/ufl 
moonf 485. Do all the planets cast shadows? Suppose the Sun and planet were of 
the eame size, what would be the form of their shadows? 436. What if the planet was 
largest? How as tliey are smaller than the Sun ? How is the length of Uie shadov 
modified by the dinlance of the planet from the Sun ? 
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In this cut, the ojhigus body U the larger, and the Bhadow projected from it diw 
or KTOW* more broad as the distance from the planet increases. ^^^^«^^„ 

If the opaque body Is wiaUer than the luminous one, the shadow eofvoergen 
point. 

oomriBOiHa shadow. 



tt 





Here the himifurwi body ia the larger^ and the shadow converges to a n^int, and t) te 
tlie form of a cone. 

The opaque body being smaller than the lumtnoos one, the length of Its shadow will a 
modified by its ditttance^ as in the following: 





Here, also, the luminous body is the larger, and both precisely or ;he F^me sixe aa I 
the cut preceding; but being placed nearer each other, the shadow is shown to be coi 
siderably shorter. 

437. All the planets, both primaries and secondaries, cas 
shadows in a direction opposite the Sun (see cut on rext page) 
The form and length of these shadows depend upon the compara 
tive magnitude of the Sun and planet, and their distance from 
each other. If the Sun and a planet were of the same size, the 
shadow of the planet would be in the form of a cylvMr, what- 
ever its distance. If the planet was larger than the Sun, the 
shadow would diverge^ as we proceed from the planet oflF into 
space ; and the nearer the Sun, the more divergent the shadow 
would be. But as the planets are all much smaller than the 
Sun, the shadows all converge to a point, and take the form of a 
cone ; and the nearer to the Sun, the shorter their shadows. 



487. Why have the largest and most distant planets the longest shadows f i>o MXf of 
'Jio priraaiy planets eclipse each other f 
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SHADOWS OF THK PLAMKTS. 
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These principlea are partly illns- 
tTHied in the ailjoining cut. The 
planets nearest the Sou have com- 
prtrativ«*iy short shadows, wJiile those 
more remote extend to a great dis- 
tance. No primary, however, casts a 
shaduw long enough to reach the next 
exterior planet. 

The magnitude of the Sun is such, 
that the shadow cast by each of the 
primary planets always converges to 
a point before it reaches any other 
planet; so that not one of the pri- 
mary planets can eclipse another. 
The shadow of any planet which is 
accompanied by ^teilitcs, may, on 
certain occasions, ecMpse its satel- 
lites; but it is not long enough to 
eclipse a&y other body. The shadow 
of a satellite or Moon, may also, on 
certain occasions, fall on the primary, 
and eclipse it. 



438. When the Sun is at his greatest distance from the Earth, 
and the Moon at her least distance, her shadow is sufficiently 
long to reach the Earth, and extend 19,000 miles beyond. 
When the Sun is at his least distance from the Earth, and the 
Moon at her greatest, her shadow will not reach the Earth's sur- 
face by 20,000 miles. So that when the Sun and Moon are at 
their mean distances, the cone of the Moon's shadow will termi- 
nate a little before it reaches the Earth's surface. 

In the former case, if a coi\Junction take place when the center of the Moon comes in a 
direct line between the centers of the Sun and Earth, the dark shadow of the Moon will 
fall centrally upon the Earth, and cover a circular area of 175 miles in diameter. To all 
places lying within this dark spot, the Sun will be totally eclipsed, as illustrated by the 
figure. 

439. Eclipses of the Sun must always happen at New Moon, 
and those of the Moon at Full Moon. The reason of this is, 
that the Moon can never be between us and the Sun, to eclipse 
him, except at the time of her change, or New Moon ; and she 
can never get into the Earth's shadow, to be eclipsed herself, 
except when she is in opposition to the Sun, and it is Full 
Moon 

440. If the Moon's orbit lay exactly in the plane of the eclip- 
tic, she would eclipse the Sun at every change, and be eclipsed 
herself at eYerj frUl ; but as her orbit departs from the ecliptic 
over 5° (422), she may pass either above or below the Sun at 

488. What is the length of the Moon's shadow when she is nearest the Earth ar.d 
!arthest from the Sun? What when nearest the Sun and farthest from tlie Earth? 
What when the Sun and Moon are at their mean distances? 439. At wha' time of the 
Mtfbn Ao t>rlar eclipses always occur? Lunar? Why? 440. Why not two salar an<l 
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the time of her change, or above or below the Earth's shadow 
at the time of her full. 

MIW AUD FULL MOOm WITSODT ■CLIPS0. 
Shadow above iL» Earth. Abor/o (ha KartVs abjidow. 




Shadow below the Earth. Below the Earth's shadow. 

Let the line Joining the Earth and the Sun represent the plane of the ecliptic. Now && 
UK) orbit of the Moon departs from this plane about 5' 9', she may appear either <Mb<yve 
or ^sla*jD the Sun at Nevr Moon, as represented in the figure, and her shadow may fall 
above the north pole or below the south. At such times, then, there can be no solar 
eclipse. 

On the right, the Moon is shown at her full, both above and below the Earth's shadow, 
in which case there can be no lunar eclipse. 

441. As the Moon passes from one of her nodes to Ihe other 
in 173 days, there is just this period between two successive 
eclipses of the Sun, or of the Moon. In whatever time of the 
year, then, we have eclipses at either node, we may be sure that 
in 173 days afterwards, we shall have eclipses at the other node. 

As the Moon's nodes fall back, or retrograde in the ecliptic, at the rate of 191ii* every 
year, they will complete a backward revolution entirely around the ecliptic to the same 
point agam, in 18 years, 225 days ; in which time there would always be a regular perio<l 
of eclipses, if any complete niunber of lunations were finished without a remainder. But 
this never happens; for if both the Sun and Moon should start from a line of coDjunction 
with either of the nodes in any point of the ecliptic, the Sun would perform 18 annual 
revolutions and 222° of another, while the Moon would perform 230 limations, and 85* of 
another, before the node would come around to the same point of the ecliptic again ; so 
Ihat the Sun would then be 138* from the node, and the Moon 85° from the Sun. 

But after 223 lunations, or 18 years, 14 days, 7 hours, 42 minutes, and 81 seconds, the 
Bun, Moon, and Earth, wiil return so nearly in the same position with respect to each 
other, that there will be a regular rektm of the same eclipsea formcuny ages. This 
fraud period was discovered by the Chaldeans, and by them called 8aro8. If, therefore, 
to the mean time of any eclipse, either of the Sun or Moon, we add the Chaldean period 
of ]S years and 11 days, we shall have the return of the same eclipse. This mode of pre> 
dieting eclipses will hold good for a thousand years. In this period there are usually 70 
e<;lipses ; 41 of the Sun and 29 of the Moon 

442. The diameter of the Earth's shadow, at the distance of 
the Moon, is nearly three times as large as the diameter of the 
Moon ; and the Uftigth of the Earth's shadow is nearly four times 
as great as the distance of the Moon ; exceeding it in the same 
ratio that the diameter of the Earth does the diameter of the 
Mooc, which is as 3.663 to 1. 

443. The number of eclipses in any one year, cannot be less 
than two, nor more than seven. In the former case, they will 

two lunar eclipses every lunar month? 441. How often may eclipses occur at oppo- 
site nodes? What cycle of eclipses described? Number of eclipses in this cycle? 
142. What is the dia/meterot the Earth's shadow at the distance of the Moon? 4^. 
What number of eclipses may occur In any one year? If but two, what wilt they be? 
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Jjoth be of the Sun ; and in the latter, there will be five of the 
Snn, and two of the Moon — those of the Moon will be total. 
There are sometimes six ; bat the nsual number is four : two of 
the Sun, and two of the Moon. 

The caosft of this variety is thus accounted for. Although the Sun usnally pastes 
Uy both nodes only once la a year, he may pass the same node again a little before 
the end of the year. In consequence of tae retrograde motion of the Moon's nodes, 
he will come to either of tliem 178 days after passing the other. He may, there 
fore, return to the same node in about 846 days, having thus passed one node Uoicej and 
the other ones^ making each time, at each, an eclipse of both the Sun and the Moon, or 
Hob iu all. And since 12 lunations, or 804 days from thejlrsi eclipse, in the deffinning of 
the year, leave room for another New Moon before the close of the year, and since this 
New Moon may fall within the ecliptic limit, it is possible for the Sun to be eclipsed again. 
Thus there may be seven eclipses in the same year. 

44'4. Eclipses of the San always come on from the west, and 
pass over eastward ; while eclipses of the Moon come on from 

the east, and pass over westward. 
This is a necessary result of the 
eastward motion of the Moon in 
her orbit. 



UJITAI BCUPSI. 



SOLAR RCUPSB. 





In the right hand cut, the Moon is seen 
reyolring eastward, throwing her shadow upon 
the Earth, and hiding the western limb of the 
Bun. In some instances, however, when the 
eclipse is very slight, it may first appear on the 
northern or wnUhern nnib of the Sun — ^that is, 
the upper or lower side; but even then its 

/ llltBli V\ direction must be from west to east. It will 

also be ofovions from this figure, that the «Aa> 

f'^lli^ic^Sffi' ': ^^^'^^ °^ *^® Moon upon the &rth must also tra- 
verse her surface from west to east; conse- 
quently the eclipse will be Tisible earlier in the 
west than in the east. 

On the left, the Moon is seen striking into 
the Earth's shadow from the west, and having 
her eastern limb first obscured. By holding the 
book up south of hiro, tlie student will see at 
once why the revolution of the Moon eastward 
must cause a solar eelipse to proceed from west 
to east, and a lunar eclipse from east to west. 
To locate objects and motions correctly, the 
student should generally imagine himself look- 
ing to the south, as we are situated north of the 
equinoctial. The student should bear in mind 
that nearly all the cutt^ tn the bo'>k are drawn 
to represent a Tiew from northern latitude 
upon the Earth. Hence, by holding the book 
up eouth of him, the cuts will generally afford 
an accurate illustration both of the positions 
and motions of the bodies represented. 

445. The time which elapses between two successive changes 
i)f the Moon is called a Lunation^ which, at a mean rate, is about 





^f seven? What is the usual number? Can yon explain the catMtf of this yariety f 
441 Wliat is the direction of u solar eclipse? A lunar? Why this difference? 416. 
Wt:At is a kmaUon t What would be the effect if th<* solar and lunar months were 
«qual V What rasult from the existiug inequsiity ? 
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29^ days. If 12 lunar months were exactly equal to the 12 solai 
months, the Moon's nodes would always occupy the same pointi? 
in the ecliptic, and all eclipses would happen in the same months 
of the year, as is the case with the transits of Mercury and 
Venus : but, in 12 lunations, or lunar months, there are only 
354 days ; and in this time the Moon has passed through both 
her nodes, but has not quite accomplished her revolution around 
the Sun ; the consequence is, that the Moon's nodes fall back in 
the ecliptic at the rate of about 19^° annually ; so that the 
eclipses happen sooner every year by about 19 days. 

446. Eclipses can never take place, except when the Moon 
is near the ecliptic ; or, in other words, at or near one of her 
nodes At all other times, she passes above or below the Sun, 
and also above or below the Earth's shadow. It is not neces- 
sary that she should be exactly at her node, in order that an 
eclipse occur. If she is within 11° of her node, at the time of 
her change, she will eclipse the Sun ; and if within 12° of her 
node at her full, she will strike into the EariVs shadow, and be 
more or less eclipsed. These distances are called, respectively, 
the solar and lunar ecliptic limits. 

This Sttfaject may be understood by eonnultfcg the following figure . 

THB MOON CHANGING AT DIFPBRKNT DISTANCiB FROM HKR NODKS. 



o 

E 



Q^Crl^^ 



B 




Let the line E E represent the ecliptic, aud t]ie line the plane of the Moon's 
orbit. The light globes are the Sun, and the dark ones the Moon, which may be imagined 
as nmch nearer the student ; hence their apparent diameter is the same. 

Let the point A. represent the node of the Moon's orbit. Now if the change occur 
when the Moon is at B, she will pass hflow the Sun. If when at C, she will just touch his 
lower limb. At C, she will eclipse him a little, and so on to A; at which point, if the 
change occurs, the eclipse would be central, and probably total. 

If the Moon was at G, H, I, or J, in her orbit, when the change occurred, she would 
eclipse the upper or northern limb of the Sun, according to her distance fl-om her node 
at the time ; but if she was at K, she would pass above the Sun, and would not eclipse 
him at all. The points and J will represent the Solar EcUpUo Limits. 

The mean ecliptic limit for the Sun is 16Jf * o'n each side of the node ; the mean eclip- 
'jc limit for the Moon is lOii' on each side of the node. In the former case, then, there 
are 83 degrees about each node, making, in all, 66° out of 860*, in which eclipses of the 
San may happen ; in the latter case there are 21* about each node, making, in all, 43* 
oMi of 860* in which eclipses of the Moon usually occur. The proportion of the solar to 
the lunar eclipses, therefore, is as 66 to 42, or as 11 to 7. Yet, there are more visifclo 
f (dipses of theTMoon, at any given place, than of the Sun ; because a lunar eclipse id 
visible to a whole hemisphere, a solar eclipse only to a small por tion of it. 

447. All parts of a planet's shadow are not alike dense. The 

446. Where must the Moon be, with respect to the ecliptic and her nodes, in order !o 
to eclipse f What meant by ecliptic Umiia t Name the distance of each, respectively, 
thmi (he node. Illustrate. 447. What is the umbra of the Earth or Uobn f '^h*' 
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darkest portion is called the umbra, and th« partial shadow the 
venunibra. 

VMMRk AMD rannouu er tbb iaktb ahd hook. 




Pfnumhra is from the Latin pene^ almost, and ttmbra^ a shadow. Id this cut, the 
Earth's umbra and penumbra will be readily found by the lettering ; while A is the umbra, 
and B B the penumbra, of the Moon. The latter is more broad than it should be, owing 
to the nearness of the Sun in the cut, as it never extends to much over half the Earth's 
diameter. The student will see at once that solar eclipses can be total only to persons 
Trithin the umbra ; while to all on which the penumbra falls, a portion of the Sun's disc 
will be obscured. 

448. The average length of the Earth's umbra is about 
860,000 miles ; and its breadth, at the distance of the Moon, is 
about 6500 miles, or three times the Moon's diameter. 

As both the Earth and Moon revolve in elliptical orbits, both the above estimates are 
subject to variations. The length of the Earth's umbra varies from 842,217 to 871,262 
miles ; and its diameter, where the moon passes it, varies from 52S5 to 6865 miles. 

449. The average length of the Moon's umbra is about 
239,000 miles. It varies from 221,148 to 252,638 miles, 
according to the Moon's distance from the Sun. Its greatest 
diameter, at the distance of the Earth, is 170 miles ; but the 
fenumbra maj oover a space on the Earth's surface 4393 miles 
in diameter. 

When the Moon but just touches the iimb of the Sun, or the 
umbra of the Earth, it is called an apptUse (see C and J in the 
cut on the opposite page). 

450. A partial eclipse is one in which only part of the Sun or 
Moon is obscured. A solar eclipse is partial to all places 
outside the umbra ; but within the umbra, where the whole 
disc is obscured, the eclipse is said to be total. A ce^Ural eclipse 
is one taking place when the Moon is exactly at one of her nodes 
If hmar, it is total, as the Earth's umbra is always broad enough, 
at the Moon's distance, if centrally passed, to obscure her whole 
disc. But a solar eclipse may be central and not total, as the 
Moon is not always of sufficient apparent diameter to cover the 

itenumbra t Derivation? Within which are solar eclipses total? 448. The average 
length of the Earth*s shudow ? Breadth at the Moon's distance f Do they vary ? Why? 
^19. Average length of the Moon's umbra ? Does it vary ? Why ? Greatest diametei 
at the Earth's surface? Of penumbra? What is an apptUsat 450. A parU*U 
eclipse? k total t koentralf Are all central 'tclipses total ? Why not? What oalU4 
Uicaf Wlfy? 
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whole disc of tbe San. In tbat case, the eclipse would he 
annular (froiQ annulai, a ring), becanse the Mood only hides the 
i«Dter of the Sun, and leaves a bright ring onobscored. 



451. It has already been shown that the apparent mogui- 
tades of bodies vary as their distances vary ; and aa both the 
Earth and Mood revolve in elliptical orbits, it follows that the 
Moon and San mnst both vary in their respective apparent mag- 
nitudes. Hence some central eclipses of the Snn are total, 
nhile others are partial and annular. 




452. The greatest possible duration of the annular appearance 
of a solar eclipse, is 12 minutes and 24 seconds; and the greatest 
possible time daring which the Sun can be totally eclipsed, to 
any part of the world, is 7 minutes and 58 seconds. The Moon 
may continue totally eclipsed for one hour and three quarters. 

553, As the solar ecliptic's limits are further from the Moon's 
nodes than the lunar, it results that we have more eclipses of 
',he Sun than of the Moon. There may be seven in aU in one 
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rear, viz., five solar and two Innar ; but the most usaal number 
IS four. There can never be less than two in a year ; in which 
case, both must be of the Sun. Eclipses both of the Sun and 
Moon recur in nearly the same order, and at the same intervals, 
at the expiration of a cycle of 223 lunations, or 18 years of 365 
days and 15 hours. This cycle is called the Period of tht 
Eclipses. At the expiration of this time, the Sun and the 
Moon'-s nodes will sustain the same relation to each other as at 
the beginning, and a new cycle of eclipses begins. 

454. In a total eclipse of the San, the heavens are shrouded 
in darkness, the planets and stars become visible, the tempera- 
ture declines, the animal tribes become agitated, and a general 
gloom overspreads the landscape. Such were the effects of the 
great eclipse of 1806. In a lunar eclipse, the Moon begins to 
lose a portion of her light and grows dim, as she enters the 
Earth's penumbra, till at length she comes in contact with the 
nmbra, and the real eclipse begins. 

455. In order to measure and record the extent of eclipses, 
tlie apparent diameters of the Sun and Moon are divided into 
twelve equal parts, called digits; and in predicting eclipses, 
astronomers usually state which **limb" of the boiiy is to be 
eclipsed — the southern or northern — the time of tlio first con- 
tact, of the nearest approach of centers, direction, And numbe? 
of digits eclipsed. 

nVS DIGITS SCUPSBD. 





456. The last annular eclipse visible in the United States, 
occurred May 26, 1854. The next total eclipse of the Sun will 
be August 1, 1869. 

Some of the ancients, and all barbarous nations, formerly 
regarded eclipses with amazement and fear, as supernatural 
events, indicating the displeasure of the gods. Co ajubus is said 

HoTT many of each ? Least number, and which? Usual number f What said of the 
order of eclipses ? Time of cycle ? 454. Describe the effects of r total eclipse of the 
Fun. The process of a lunar eclipse? 455. How are eclipses measured and recorded? 
(56. When the next annular eclipse visible in this country ? The mst total ? How bft7c 
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to have made a very happy nse of this snperstitioiiy as already 
stated on a previous page. (Art. 433.) 

457. Eclipses can be calculated with the greatest precision^ 
not only for a few years to come, but for centuries and ages 
either past or to come. This fact demonstrates the truth of the 
Copernican theory, and illustrates the order and stability that 
everywhere reign throughout the planetary regions. 

The following fs a list of all tlie solar eclipses Tisible in Europe and America from 
18&S to the dose uf the present century. To those visible (n New England, the nuinlier 
of dtgita is annexed. 



Tear. 


Month. 


Day and hour. 


Digits. 


Tear. 


Month. 


D»y and hour. 


Digits. 


1698, 


Mar. 


16 « 14 A. M. 


1% 


1878, 


July 


29 4 56 P. M. 


7H 


1809, 


July 


29 5 82 P. M. 


%H 


1879, 


July 


19 2 A. M. 




1S6U, 


July 


18 7 28 A. M. 


6H 


ISSO, 


Dec. 


81 7 80 A. M. 


5^ 


1861, 


Dec. 


81 7 80 A. M. 


4H 


1882, 


May 


17 1 A. M. 




1863, 


May 


17 1 P. M. 




1885, 


Mar. 


16 85 A. &I. 


6^ 


1865, 


Oct 


19 9 10 A. M. 


89i 


1836, 


Aug. 


29 6 80 A. M. 


ou 


1866, 


Oct. 


8 11 12 A. M. 





1887, 


Aug. 


18 10 P. M. 




1867, 


Mar. 


6 8 A. M. 


1 


1890, 


June 


17 8 A. M. 




186.S, 


Feb. 


28 10 A. M. 


1 


1891, 


June 


6 Mer. 




1869, 


Aug. 


7 5 21 A. M. 


\Q\ 


1892, 


Oct. 


20 19 P. M. 


8K 


1670, 


Dec. 


22 6 A. M. 


\ 


1895, 


Mar. 


26 4 A. M. 




1873. 


May 


26 8 A. M. 


1 


1896, 


Aug. 


9 Mer. 




1874, 


Oct. 


10 4 A. M. 




1897, 


July 


29 9 8 A. M. 


«J« 


1675, 


Sept. 


29 5 56 A. M. 


IIH 1 


1899, 


June 


8 Mer. 




1876, 


Uar. 


25 4 11 P. M. 


8!^ 


19uO, 


May 


28 8 9 A. M. 


11 



The ecUpees of 1889, I8T61, and 1900 will btt Terr large. In those of 1878, 1878l and 
'^880. the aun toik Hm tcUjmd. 

That of 1875 wQl be ammukur. The scholar ean eonttaroe fhis table, or ccstcnd it *«el> 
war>*% by adding or substractiDg the Ghaldean period of 18 years, 11 days, 7 hoara, 5d 
minutes, and 81 seconds. 



CHAPTER VI, 



PRIMARY PLANETS CONTINUED— MARS AND THE 

ASTEROIDS. 

458. Mars is the first of the exterior planets, its orbit lying 
iramediatcly without, or beyond, that of the Earth, while those 
of Mercury and Venus are within. He appears, to the naked 
eye, of a fine ruddy complexion ; resembling, in color, and appa- 

the Ignorant and superstitious regarded eclipses? 457. What said of the calculation o( 
eclipses f What does this demonstrate and illustrate? 458. Position of Mara*odUi9 
TIow does he apivsar to the naked eye? When most brilliant? When least? 
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rent mag:mtude, the star Antares, or Aldebaran^ near which it 
frequeutly passes. It exhibits its greatest brilliancy about the 
time that it rises when the Sun sets, and sets when the Sun 
rises ; because it is then nearest the Earth. It is least brilliant 
when it rises and sets with the Sun; for then it is five times farth(;r 
removed from us than in the former case. 

459. Its distance from the Earth at its nearest approach is 
about 50,000,000 of miles. Its greatest distance from us is 
about 240,000,000 of miles. In the former case, it appears 
nearly 25 times larger than in the latter. When it rises before 
the Sun, it is our morning star ; when it sets after the Son, it is 
our evening star. 

The diAtaace of the inUrior planets from the earth, varies within the limits of the 
diameters of nheir respectlye orbits ; for when a planet is in that part of its orbit which 
is nearest the Earth, it is evidently nearer by the whole diameter of its orbit, than it Is 
when at a point opposite, on the other side of its orbit The exUrior planets vary in 
distance within the limits of the diameter of the £arth*B orbit. 

460. Mars is sometimes seen in opposition to the Sun, and 
sometimes in superior conjunct ioii with him ; sometimes gibbous, 
but never horned In conjunction, it is never seen to pass over 
the Sun's disc, like Mercury and V^enus. These prove not only 
that its orbit is exterior to the Earth's orbit, but that it is an 
opaque body, shining only by the reflection of the Sun. 

461. The motion of Mars through the coustellations of the 
zodiac is but little more than half as great as that of the Earth ; 
it being generally about 5T days in passing over one sign, which 
is at the rate of a little more than half a degree each day. Thus, 
if we know what constellation Mars enters to-day, we may con- 
clude that two months hence it will be in the next constellation ; 
four months hence, in the next ; six months, in the next, and 
so on. 

Its mean Hdereal revolution is performed in 686.9796458 solar days ; or in 686 days, 28 
hoars, 8U minutes, 41.4 seconds. Its aynodical revolution is performed in 779.986 solar 
days ; or in 779 days, 22 hours, 27 minutes, and 50 seconds. 

462. Mars performs his revolution around the Sun in one 
year and 10^ months, at the distance of 145,000,000 of miles ; 
moving in its orbit at the mean rate of 55,000 miles an hour. 
Its diurnal rotation on its axis is performed il. 24 hours, 39 



4.'S9. Its distance from the Earth? Wl.at effect upon its apparent magnitude? When 
morninf; and evening ittur ? How do the distances of the planets from the Earth vary r 
Their apparent diamuterti? 460. Is Mars ever in oppoitUUm to tiie Sun? In conjunc- 
tion T its phases? Does it ever transit the Sua? What do these facts prove? 46l. 
What is his rate of motion through the constellatinns ? What calculation based upon it? 
462. His periodic time ? Distance from the Sun ? Mean rate of motion per houi'T Timi 
o:' rotation on his axis? How does his day coiupare wiih our.< ? 
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minutes, and 21^ seconds ; which makes its day about 44 lahi- 
iites longer than ours. 

463. Its form is that of an oblate spheroid, whose p«lar 
diameter is to its equatorial, as 15 is to 16, nearly. Its diameter 
is 4,500 miles. Its bulk, therefore, is 7 times less than that of 
the Earth ;'and being 50,000,000 of miles farther from the Sun, 
it receives from him only half as much light and heat. 

464. The inclination of its axis to the plane of its orbit, is 
about 28|°. Consequently, its seasons must be very similar to 
those of the Earth. Indeed, the analogy between Mars and the 
Earth is greater than the analogy between the Earth and any 
other planet of the solar system. Their diurnal motion, and of 
course the length of their days and nights, are nearly the same ; 
the obliquity of their ecliptics, on which the seasons depend, are 
not very different ; and, of all the superior planets, the distance 
of Mars from the Sun is by far the nearest to that of the Earth ; 
nor is the length of its year greatly different from ours, when 
compared with the years of Jupiter, Saturn and Uranus. 

465. To -a spectator on this planet, the Earth will appear 
Rltemately, as a morning and evening star ; and will exhibit all 
the phases of the Moon, just as Mercury and Venus do to us ; 
and sometimes like them, will appear to pass over the Sun's disc 
like a dark round spot. Our Moon will never appear more than 
a quarter of a degree from the Earth, although her distance from 
it is 239,000 miles. If Mars be attended by a satellite, it is too 
small to be seen by the most powerful telescopes. 

When it is coDsidered that Vesta, the smallest of the asteroids, which is enee and a 
Aaf/* times the distance of Mars from us, and only 269 miles in diameter, is perceivable 
in the cpen space, aud that without the presence of a more conspicuous body to point it 
oat, we may reasonably conclude that Mars is without a Moou. 

466. The progress of Mars in the heavens, and indeed of aU 
the superior planets, will, like Mercury and Venus, sometimes 
appear direct, sometimes retrograde, and sometimes he will seem 
stationary. The portion of the ecliptic through which a planer 
seems to retrograde is called the Arc of Retrogradation. Thb 
more remote the planet the less the arc, and the longer the timo 
of its retrogression. These retrograde movements and stations, 
as they appear to a spectator from the Earth, are common to 
all the planets, and demonstrate the tnith of the Copernican 
^ysten^. 

468. Form of Mars r Diameter? Bulk? Light and heat? 464. Inclination of his 
axis to the plane of his orbit? His seasons? Uesemblance to our globe? 465. Uow 
would the Earth appear to a spectator upon Mars ? Our Moon ? Has Mars a satellite f 
166. Wluit said of the motions of Mars and the other planets ? What coustitntes *h«. 
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46t. The telesc0|iic plienomena of Mars aCTord peenliar interest 
to astronomers. They behold its disc diversified with numerous 
irregular aud variable spots, and ornamented with zones ond 
Ijelts of varying brilliancy, that form, and disappear, by tarns. 
Zones of intense brightness are to he seen in its polar regions, 
subject, however, to gradual changes. That of the southern 
pole is much the most brilliant. Dr. Herschel supposes that 
they are produced by the reflection of the Sun's light from tho 
frozen regions, and that the melting of these matises of polar ice 
is the cause of the variation in their magnitude and appearance. 
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He was the more eonflrmed in these opinions by observing that after the exposure oi 
the luminous ttme about ttie north pole to a summer of eight months, it was considerably 
deor4tU0d^ wliilt; that on the south pole, which had been in total darkness during eigiit 
months, had considerably increa94d. He ^Merved, farther, that when this spot wai 
most luraiuous, the disc of Mars did not appear exactly rottnd^ and that the bright par* 
of its southern limb seemed to be swollen or arched out beyond the proper curve. 

468. The extraordinary height and density of the atmosphere 
of Mars, are supposed to be the cause of the remarkable redness 
of its light. It has been found, by experiment, that when a 
beam of white light passes through any colorless transparent 
medium, its color inclines to red, in proportion to the density of 
vhe medium, and the space through which it has traveled. Thus 
the Sun, Moon, and stars, appear of a reddish color when near 
the horizon ; and every luminous object, seen through a mist, is 
of a ruddy hue. 

This phenomena may be thus explained :— >The momentum of the red, or least refrangi* 
ble rays, being greater than that of the violet, or most refrangible rays, the former wil' 
uialte their way through tlie resisting medium, while the latter are either reflected or 
absorbed. The color of the 2>«<im, therefore, when it reaches the eye, must partake of 
the color of the least refrangible rays, and this color must increase with the distance. 
The dim light, therefore, by which Mars is illuminated, having to pass Umce through it* 
atmosphei e before it reaches the Earth, must be deprived of a great proportion of its 
violet rayn, and consequently then be red. Dr. Brewster supposes that the difference ot 
color among the other planets, and even the fixed start, is owing to the different height: 
and densities of their atmospheres. 



TUE ASTEROIDS, OR TELESCOPIC PL.\NETS. 

469. Ascending higher in the solar system, we find, between 
the orbits of Mars and Jupiter, a cluster of eighty-five small 
planets, which present a variety of anomalies that distinp:uish 
them from all the older planets of the system. The first of 
these, namely, Veres^ was discovered by Piazzi, at Palermo, 
January 1, 1801; and three others, namely, Pa//a.9, t/wwo, and 
Vesta, have been known since 1807. The remaining eighty-one 
have all been discovered since that time, and most of them since 
1863. 

4*70. The scientific Bode entertained the opinion, that the 
planetary distances, above Mercury, formed a geometrical series, 
3ach exterior orbit being double the distance of its next interior 
one. from the Sun ; a fact which obtains with remarkable exact- 
ness between Jupiter, Saturn, and Uranus. But this law seemed 
to be interrupted between Mars and Jupiter. Henoe he inferred, 
that there was a planet wanting in that interval ; which is now 

this opi. ion T 468. Supposed cause of the ruddy color of Mars ? Philcsophical ex]>]a- 
nation * Dr. Brew8ter*s opinion ? 469. Po^itinn and nnmi 'yr of the asteroUs T When 
liscovcr df 470. Bode'a theory f What seeming int«rra,>tion T What ooncluaior * 



Mercviry 


4 


ss 


4 


Asteroids 


4 + 8x23 


Venuh 


4+3x1 


ss 


7 


Jupiter 


4+3x2* 


The Earth 


4+3x2 


^ 


10 


Saturn 


4+8x2* 


Uur» 


4 + 3x23 


"^ 


16 


Uerschel 


4+8 X 2a 
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aappily supplied by the discovery of the numerous sto/r-form 
planets, occupying the very space where the unexplamed yacancj 
i)rcseuted a strong objection to bis theory. 

According to Bode, the distances of the planets may be ezpresMd nearly as follows : the 
Eartli's distance from the Sun being 10. 

= 2» 

= S2 

= 100 

= 196 

Comparing these values with the actual mean distances of the planets from the Sun, 
vt cannot but remark the near agreement, and can scarcely hesitate to pronounce that 
the respective distances of the planets from the Sun, were assigned according to a law, 
although we are entiraly ignorant of the exact law, and of the reason for that Law.— 
Briiikley'8 SUaneiUa^ p, 89. 

471. The Asteroids are muck smaller in size thau the older 
planets — tliey all revolve at nearly tke. same distances from the 
Sun, and perform their revolutions in marly the same periods — 
their orbits are much more eccentric^ and have a much greater incli- 
nation to the ecliptic — and what is altogether singular, except in 
the case of comets — some of their orbits cross each other ; so that 
there is even a possibility that two of these bodies may, some 
time, in the course of their revolutions, come into collision. 

Tlie orbit of Vesta is so eccentric, that she is sometimes 
farther from the Sun than either Ceres, Pallas, or Juno, although 
her mean distance is many milUons of miles less than theirs. The 
.orbit of*Vesta crosses the orbits of several other asteroids, in 
two opposite points. 

The student should here refer to the Figures, Map I. of the Atlas, and verify such of 
these particulars as are there represented. It would be well for the teacher to require 
him to observe particularly the positions of their orbits, and to state their different 
degrees of inclination to the plane of the ecliptic. 

472. From these and other circumstances, many eminent 
astronomers are of opinion, that these eighty-five planets are 
the fragments of a large celestial body which once revolved 
between Mars and Jupiter, and which burst asunder by some 
tremendous convulsion, or some external violence. The dis- 
covery of Ceres, by Piazzi, on the first day of the present cen- 
tury, drew the attention of all the astronomers of the age to 
• that region of the sky, and every inch of it was minutely explor- 
ed. The consequence was, that in the year following, Dr. Olbers, 
of Bremen, announced to the world the discovery of Pallas, 
situated not many degrees frox" Ceres, and very much resembling 
it in size. 



llow substantially ju^i.:fied? 471. Sixeof the asteroids? Distance from the Sunr 
Periodic time? Forms of their orbits? Position with .respect to the ecliptic ' Wha^^j 
otlier singularity in their orbits? What remarkable facts respecting the c rbit o. V<»sta? 
412. What concliuion has been drawn frou' tiie*e facts' Projrret*-* crdisr.ivery? 
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HIE PUiMARY PLANETS ^JUPITER AND SATPRN. '4HM 

CHAPTER YIl. 
PRIMARY PLANETS-JUPITER AND SATURN. 

4Ti. Jupiter is the largest of all the planets belonging to the 
Bolar system. It may be readily distinguished from the fixed 
stars, by its peculiar splendor and magnitude ; appearing to the 
naked eye almost as resplendent as Venus, although it is more 
than seven times her distance from the Sun. 

When his right ascension is less than that of the Sun, he is 
our morning star, and appears in the eastern hemisphere before 
the Sun rises ; when greater, he is our evening star, and lingers 
in the western hemisphere after the San sets. 

Nothing can be easier than to trace Jupiter among the con* 
stellations of the zodiac ; for in whatever constellation he is seen 
to-day, one year hence he will be seen equally advanced in the 
next constellation ; two years hence, in the next ; three years 
hence, in the next, and so on ; being just a year, at a mean rate, 
in passing over one constellation. 

The exact mean motion of Jupiter in its orbit, is about one-twelfth of a degree in a day ; 
irhlcii auiounU to only 80* 20' 82' in a year. 

For 12 years to come, he will, at a mean rate, pass through 
the constellations of the zodiac, as follows : 



186T, Capricornua. 
1863, Aquarius. 
1809, Pisces. 
1870, Aries. 



1871, Taurus. 
1S72, Gemini. 
1878, Cancer. 
1874, Lea 



18T5, Virgo. 
1870, Libra. 

1877, Scorpio. 

1878, Sagittarius. 



479. Jupiter is the next planet in the solar system above the 
asteroids, and performs his annual revolution around the Sun in 
nearly 12 of our years, at the mean distance of 495,000,000 of 
miles ; moving in his orbit at the rate of 30,000 miles an hour. 

The exact period of Jupiter's sidereal revolution is 11 years, 10 months, 17 days, 14 
hours, 21 minutes, 25^ seconds. His exact mean distance from the Sun is 495,533,837 
miles; consequently, the exact tkit of his motion in his orbit, is 29,948 miles per hour 

480. He revolves on an axis, which is nearly perpendicular to 
tlie plane -of his orbit, in 9 hours, 55 minutes, and 60 seconds ; 
r^o that his year contains 10,471 days and nights ; each about 
o hours long. 

His form is that of an oblate spheroid, whose polar diameter 

478. Comparative size of Jupiter T How distinguished from the fixed stars ? When 
morning star, Ac? Is he easily traced? 479. Uis position in the system? His peri- 
odic time? Distance from the Sun? Kate of motion? 480. Time of diurna. revolu- 
Hon? Position of axis ? Length of his days ? Number in his year? His form Cauii«' 
•( uis oblaceness ? DUTerence of equatorial and polar diameters ? The £arth ? 



'IM ASTRONOMY. 

i 

is to its eqaaioiial, as 16 to 17. He is therefore considerably 
more flattened at the poles than any of the other planets, except 
Saturn. This is caused by his rapid rotation oa his axis ; for it 
is an uniTersal lav that the equatorial parts of every body, 
rerolving on an axis, vill be swollen out, in proportion to the 
density of the body, and the rapidity of its motion. 

The difcrence between the p<dmr and equatorial diameters of Japiter, exceeds MOO 
mUcs. The diSierence between the polar and equatorial diameters of the Earth, is only 
"26 milea. Jupiter, eT<>n on the most careless riew through a good telescope, appears to 
be oral ; the longer diameter being paralld to the direction of his belts, which are also 
paraOel to the ecliptic. 

481. By this rapid whirl on its axis, his equatorial inhabitants 
are carried arouod at the rate of 26,554 miles an hour ; which 
is 1600 miles farther than the equatorial inhabitants of the 
Earth are carried, by its diurnal motion, in twenty-four hours. 

The true mean diameter of Jnpiter is 88,780 miles ; which 
is nearly 11 times greater than the Earth's. His volume is, 
therefore, about thirteen hundred times larger than that of tho 
Earth. ( For magnitude as compared with that of the Earthy set 
Map L) On account of his great distance from the Sun, the 
degree of light and heat which he receives from it is 27 times 
less than that received by the Earth. 

When Jopiter is In coi^ttnction, he rises, sets, and comes to the meridian with the Sun ; 
but is never observed to make a transit, or pass over the Son's disc ; when in opposition, 
he rises irtien the Son sets, sets when the Sun rises, and comes to the meridian at mid- 
night, which never happens in the case of an interior planet. This proves that Jupiter 
revolves in an orbit which is eocterior to that of the Earth. 

482. As the variety in the seasons of a planet, and in the 
length of its days and nights, depends upon the inclination of its 
axis to the plane of its orbit, and as the axis of Jupiter has 
little or no inclination, there can be no difference in his seasons, 
on the same parallels of latitude, nor any variation in the length 
of his days and nights. It is not to be understood, however, 
that one uniform season prevails from his equator to his poles ; 
but that the same parallels of latitude on each side of his equa- 
tor, uniformly enjoy the same season, whatever season it may be. 

About his equatorial regions there is perpetual summer \ and 
at his poles everlasting winter ; but yet equal day and equal 
night at each. This arrangement seems to have been kindly 
ordered by the beneficent Creator ; for had his axis been inclined 
to his orbit, like that of the Earth, his polar winters would have 
been alternately a dreadful night of six year^ darkness, 

4S1 . Motion at Jupiter's equator f His mean diameter ? His volume ? Lii^ht and heatr 
Ooes he ever transit the Sun T What proof that his orbit is exterior to that of th s iBarth f 
VS2 Wliat of the tecMma of Jupiter T What apparent manifestation of Divine Wisdom? 
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483. Jopiter, when 
viewed throupJi & 
telescope, appeura to 
lie surrounded by a 
iiumlier of lumiuoas 
zones, uauully termed 
beiti, that frequently 
extend quite arouud 
him. These belts are 
parallel not only to 
e&--h other, but, in 
general, to his equa- 
tor, which is also 
uearly parallel to the 
eeliptic. They are 

subject, however, to considerable variation, both in breath and 
number. Sometir.es eight have been seen at once ; sometimes only 
one, bnt more usually three. Dr. Herschel once perceived his 
;vhole disc covered with small belts, though they are more 
usually confined to within 30° of his equator, that is, to a zone 
60° in width. 

Sometimes these belts continue for months at a time with little 
or no variation, and sometimes a new belt has been seen to form 
in a (ew hours. Sometimes they are interrupted in their length ; 
and at other times, they ajipear to spread in width, and run into 
each other, until their breadth exceeds 5000 miles. 

484. Bright and dark spots are also frequently to be seeu in 
the belts, which usually disappear with the belts themselves, 
though not always, for Cassini observed that one occupied the 
Bame position more than 40 years. Of the cause of these vari' 
able appearances, but little is known. They are generally sup- 
posed to be nothing more than atmospherical pAenom^iui, resnlting 
from, or combined with, the rapid motion of the planet upon its 



18TK0N0MI. , 

trrtdbjOiulnl. In IMS, which hu botli dluppFired ii 



tot bi nippLiliiig Uiui ihi 

uij of Ui« parmuuDt spou irt 



MOONS OF JUPITER. 

485. Jupiter \e attended by foar satellites or mooos Ther 
*i-e easily seeD wiiii a common spy- „„^ ^ ^^^^ ^^ ^^ ^^^^^^ ^ 
glass, appearing like small starn jumia. 

near the priinnry. (See adjoining 
cat.) By watching them for a few 
evenings, they will ite seen to change 
their places, and to occupy difforotit 
positions. At times, only one or two 
may be seen, as the others are 
either between the observer and th; 
planet, or bfyond the primary, or 
eclipsed by his shadow. 

4S0. The size of these satellites 
is about the same as our moon, 
except the second, which is a trifle 
less. The first is aljout the distance 
of our moon ; and the others, rc- 



481 Their periods of revolntion are from 1 day 18 honrs to 
i'r days, according to their distances. This rapid motion i= 
neccssii'y, in order to counterbalance the powerful ccntrijietal 
force of the planet, and to keep the satellites from falling to his 
nurfuco. 



utemi«r wi>r»r>]>Mr 
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The magnitades, distances, and periods of the moons of Jupiter are as follows: 

Duimeter in mil«s. DUtaneo. Poriodie tini«6. 

1st 2/iOO 280,000 1 day 18 boiu«. 

2d 2,200 4441,000 8 " 13 *• 

8d 8,ft<K) 700,000 7 •• 14 «* 

4th- 2,890 1,200,000 •• 16 « 

488. The orbits of Jupiter's moons are all in or near the plane 
jf his equator ; and as his orbit nearly coincides with the eclip- 
tic, and his equator with his orbit, it follows that, like our own 
moon, his satellites revolve near the plane of the ecliptic. On 
this account, they are sometimes between us and the planet, and 
sometimes beyond him, and seem to oscillate, like a pendulum, 
from their greatest elongation on one side to their greatest elon- 
gation on the other. 

489. Their direction is from west to east, or in the directioc 
their primary revolves, both upon his axis and in his orbit. From 
the fact that their elongations east and west of Jupiter are nearly 
the same at every revolution, it is concluded that their orbits 
are but slightly elliptical. They are supposed to revolve on 
their respective axis, like our own satellite, the moon, once dur- 
ing every periodic revolution. 

490. As these orbits lie near the plane of the ecliptic, they 
have to pass through his broad shadow when in opposition to the 
Sun, and be totally eclipsed at every revolution. To this there 
is but one exception. As the fourth satellite departs about 3° 
from the plane of Jupiter's orbit, and is quite distant, it some- 
times passes above or below the shadow, and escapes eclipse. But 
such escapes are not frequent. 

. These moons are not only often eclipsed, but they often eclipse 
Jupiter, by throwing their own dark shadows upon his disc. 
They may be seen like dark round spots traversing it from side 
to side, causing, wherever that shadow falls, an eclipse of the 
Sun. Altogether, about forty of these eclipses occur in the sys- 
tem of Jupiter every month. 

491. The imme.rsions and emersions of Jupiter's moons have 
reference to the phenomena of their being eclipsed. Their 
entrance inlo the shadow is the immersion ; and their coming mU 
of it the emersion. 



4S8. How are their orbits sitnated ? How satellites appear to move? 4S9. Direction 
-yt secondaries? Form of orbits? How ascertained? What motion on axia? 490. 
What said of eclipses ? Of fourth satellite? Of solar eclipses upon Jupiter? Numoer 
of solar and lunar? 491. W^hat are the tmrnersiona and emersiorut of Jupiter*8 
noons ? Are the immersions and emersions always visible from the Earth ? Why not ? 
mostrafte 
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■OUV80B 3f lUnTIIS*8 HOQIB, BMBBSlOBai OTO. 

The aboTe Is a perpeodicular yfew of the orbits of Jnplter*t satellited. His oroad 
shadow is projected in a direction opposite the Sun. At 0, the second satellite is soffer- 
Ing an ifnm&rHony and will soon be totally eclipsed ; while at D, the first is in the act of 
miertdon^ and will soon appear with its wonted brightness. The other satellites are seen 
to cast their shadows off into space, and are read/ in turn to eclipse the Sun, or cut off a 
portion of his beams from the face of the primary. 

If the Earth were at A in the cut, the immereionf represented at 0, would be inrisible : 
and if at B, the emeraion at D could not be seen. So, also, if the Earth were exactly at 
F, neither could be seen ; as Jupiter and all his attendants would be directly beyond tho 
Sun, and would b« hid from our view. 

492. TiiP system of Jupiter may be regarded as a miniatare 
representation of the solar system, and as furnishing triumphant 
evidence of the truth of the Copernican theory. It may also be 
regarded as a great natural dock^ keeping absolute time for the 
whole world ; as the immersions and emersions of his satellites 
furnish a uniform standard, and, like a vast chronometer hang 
up in the heayens, enable the mariner to determine his longitude 
upon the trackless deep. 

By long and carefnl observations upon these satellites, astronomers hare been able to 
construct tables, showing the exact time when each immersion and emersion will take 
pl»ce, at Greenwich Observatory, near London. Now suppose the tables fixed the time 
for a certain satellite to be eclipsed at 12 o'clock at Oreenwich, but we find it to occur at 
d o'clock, for instance, by our local time : this would show that our time was three hours 
behind the time at Greenwich ; or, in other words, that we were three hours, or 4d*, %06gt 
of Greenwich. If our time was ahead of Greenwich time, it would sliow that we were 
eatd of that meridian, to the amount of 15* for every hour of variation. But this method 
of finding the longitude is less used than the ** lunar method" (Axt 407), on account of 
the greatci difficulty of making the necessary observations. ^ 

493. By observations upon the eclipses of Jupiter's moons, as 
compared with the tables fixing the time of their occurrence, it 
was discovered that light had a progressive motion, at the rate 
of about 200,000 miles per second. 

This discovery may be illustrated by again referring to the preceding cut. In the year 
1675, it WHS observed by Roemer, a Danish astronomer, that when the EarU; was nearest 
to Jupiter, as at E, the eclipses of his satellites took place S minutes 18 seconds woner 
than tlie meHn time of the tables; but when the earth was farthest from Jupiter, as :it 
F, the eclipses took place S minutes and 13 seconds UiUr than tlie tables predicted, tb? 
entire difference being 16 minutes and 26 seconds. This difference of time he ascribed to 
the progressive motion of light, which he concluded required 16 minutes and 26 seconds 
to oross the earth's orbit trom E to F. 



•192. How may the system of Jupiter be regarded ? What ose of It made in navigation f 
Dlustrnte method? Is it much used ? 493. What discovery by observing the ocliivirs 
of Jupiter's moons? Explain the process? 
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tliis progress may be demonstrated «• followB :— I6m. Me.s996s. If the mdJnt of the 
Earth's orbit be y5,000,000 of miles, the diameter mast be twice that, or 190,000,000. 

Divide 190,000,000 mUes by 986 seconds, and we have 192,697} ^|- mJes as the progress 

of light in each second. At this rate, light woald pass nearly eight times around the f;lobc 
at every ticlc of the clock, or nearly dOO times every minute I 

494. Jupiter, when seen from his nearest satellite, appears a 
thousand times larger than our Moon does to us, exhibiting on a 
scale of inconceivable magnificence, the varying forms of a cres- 
cent, a half moon, a gibbous phase, and a fall moon, every 42 
hours; 

SATUKN. 

495. Saturn is situated between the orbits of Jupiter and 
Uranus, and is distinctly visible to the naked eye. It may be 
easily distinguished from the fix^ed stars by its pale, feeble, and 
steady light. It resembles the star Fomalhaut, both in color 
and size, differing from it only in the steadiness and uniformity 
of its light. 

From the slowness of its motion In its orbit, the pupil throughout the period of hie 
whole life, may trace its apparent course among the stars, without any danger of mis- 
take. Having once found when it enters a particular constellation, he may easily remem- 
ber where he is to look for it in any subsequent year ; because, at a mean rate, it is Just 
2}i years in passing over a single %iga or constellation. 

Saturn's mean daily motion among the stars is only about 2', 
the tkirtieih part of a degree, 

496. The mean distance of Saturn from the Sun is nearly 
double that of Jupiter, being about 909,000,000 of miles. His 
diameter is about 73,484 miles ; his volume, therefore, is eleven 
hundred times greater than the Earth's. Moving in his orbit at 
tliG rate of 22,000 miles an hour, he requires 29^ years to com- 
plete his circuit around the Sun : but his diurnal rotation on his 
axis is accomplished in 10 J- hours. His year, therefore, is nearly 
thirty times as long as ours, while his day is shorter by more 
than one-half. His year contains about 25,150 of its own days, 
which are equal to 10,759 of our days. 

497. The surface of Saturn, like that of Jupiter, is diversified 
with belts and dark spots. Dr. Herschel sometimes perceived 
five belts on his surface ; three of which were dark and two 
bright. The dark belts have a yellowish tinge, and generally 
cover a broader zone of the planet than those of Jupiter. 

To the inhabitants of Saturn, the Sun appears 90 times less than he appears at the 
Karth ; and they receive from him only one ninetieth part as much light and heat. But 

404. How does Jupiter appear from his nearest satellite f 495. Situation of Saturn ? 
flow distinguished? Howtrao**? His rate of motion in the heavens ? 496. Distance 
torn tto Sun? Diameter? Volume? Rate of motion in orbit? Periodic time ? Diur 
oal revolatioi^?' Days in his year? 49T. Appearance of his surface? Belts? The 
?\in as aeeu from Batum* Light and hent of that planet? Estimated strength «f the 
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p"*" of Km tun nHioiu, vtiicb would bt ibuDduiIl^ •uDcleDt for all the puipom at 

498. The telescopic appearance of Saturn is onparatleled. It 
is even more interesting than Jupiter, with all iiis moons and 
hdts. That which eminently di^t in pushes this phmet from 
eVery other in the system, is a niagDificeiit zone or ring, encir- 
cling it with perpetual light. 

■ni>iulj<<l'>»'««"l>"i""l- raiacono Tinr oi iutom. 



■ffiln iDbillvldcd lulD an In- 

rtoubthl by Blr John UerichH. ""•'"" ' ° * " "■ ""« ' ™'" 

499. The light of the ring is more brilliant than the planet 
itself. It turns around its center of motion in the same time 
tliat Sutarn turns ou its a.xis. When viewed with a good 
telescope, it is usaally found to consist of two coaceutric rings, 
<iiTided by a dark band. 

dlvm.pnimialMiortlrBMn'bxI'mt'Encke, on the iSU. of A,.rll, lS37,an<l .'iso b} Mr. 
dlf^renl ringi .ere leen ■! Rome, ln'll«lj, on Ihe nlghl ofThe aBrt'oMklHr, 1933.' AnJ 

500. As our Tiew of the rings of Saturn is generally au 
oblique one, they usually appear diiptieal, and never circular. 
The ellipse seems to contract for about 1^ years, till it almost 
entirely disappears, when it begins to expand again, and con 
tinues to enlarge for 1^ years, when it reaches its masimom of 
expansion, and again begins to contract. For fifteen years, tht 
part of the rings toward us seems to be thrown up, while for the 

•olar rsdUmcer MS. Telexcoplc ippetirancc or SiIurnT Fur whsl digliniuiihedV 
«HI. Conip»r«KvB IWil of hit rlnifif Time of rolitlon Bionn* Iht iH.in.lF How <lo» il 

af'^.r rings • Wh^ilDpUctlt Wb^lperioditsru-bl onut «ipanaUiaf 01 lDclinsJ!!^( 
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next fifteen it appears to drop bel<>te the apparent center of the 
planet ; and while shifting from one extreme to the other, the 
rings become niraost iiivisible, appearing ody as a faint line <jI 
light running from the planet in opposite directions. The ring? 
vary also in their inclination, sometimes dippings U, the right, 
find at others to the left. 



© ,»€•.>■■*, 



50!. The rings of the "«™'B.<roi.«Tinroriiii™o.wBiTDiis, 
planet are always directed 
more or less toward the 
Earth, and sometimes ex- 
actly toward ns ; so that 
we nerer see them perpen- 
dicularly, but always either 
exactly edgewise, or ob- 
liquely, as shown Iq the last 
figure. Were either pole 
of the pi a net -exactly toward 
us, we should then have a 
perpendicular view of the 
rings, as shown in the ad- 
joining cut, 

502. The Tarious phases of Saturn's rings are explained by 
the facts that his axis remains parallel to itself (see following 
cnt), with an nuiform inclination to the plane of his orbit, which 
is very near the ecliptic ; and as the rings revolve OTor his 
equator, and at right angles with his axis, they also remnin 
parallel to themselves. The revolution of the planet abont the 
Earth every 30 years, must therefore bring first one side of the 
-ings to view, and thea the other — caasing all the variations of 
pxpansion, position, and inclination which the rings present. 



tag, i.-cmiDWd tort 



n wnrd luf Mr3. lloo 



W ""^^.'fiJIf','! 



(HnDIHIlC, or paralltltBitAUtrff; naitllbm rlDnilre In the plane of his eipiiU 
pcniUaD the planet m*r oceupf In lb Debit. 



•Ill be 15 lean each. ' e nng» 

A ind li are the iqtifwftlnl. and C and Q the Klttitiai pointa In the orbit of Saturn. 

At A and £ the rin^ art fdgewite toirard the San, and also toward the Earth., pi-orlded 

Sjilurn Ib In opponlldDn to the Sun. To an observer on the Earth, the rln|;s will aeem to 

A. Again: ftvin A'toEIhe rrontor the rm^ wlU appear oWna the pUnefi center, and 

Tlie ring! ot Saturn were fnvlalhle, ai rings, from the 2Sd of April, ISM, to the Ifllh of 
Jnnnary, IStf. He came lo biteqnloai Beptimber 7, 1318 ; from shlch tlmt to Pebtnary, 
IW6, Ut rlu* oonlinned to eipBDil. l-iom that time lo Jnne, 1863, they euDtnotija, 
nnill hi' reiched tale ntber «qiiinoi nt E. and tlie lines becninelnTtHible. FromJaaa 
laat, to September, IBTO.lhej will again eipandi mnd from Soptwnber, 19TO, to March, 
[SlI, they nlll caat[ae% 'hen he will be at the equinox puied September I, IMS, or 



E, Id the fint cut on (be precedlnii page. 

&03. The dimeDsious of the rings of Saturn may be stated in 
rouud Qambera as follows : 

Ullea. 

Distance from the bodj of the planet to the first 

ring 19,000 

Width of interior ring 17,000 

Space between the interior and exterior rings . . 2,000 

Width of exterior ring 10,500 

Thickness of the rings 100 



TBB PRIHaKV FLANETR— JUPlTSa AMI UATttKN. 
n recent vork, entklsd ■* The New TlMarr of CrcfcLIOD tnd Defaf*,^ It it pr 



bu.--i friLintWj npjH-oiolilQf the bodj o( Halara. •□!] that ■< umj eipecl, iwiDtr or 
irtif, l>erh«r>«loiooiedi>ieDO(jo»ri,io«oUiBrInf»Bnil«dnitlitheboiljo(thBpl»iiei." 

504. The ria^ of Satarn serve tis reflectors to reflect the 
tiprht of the Snn apon his disc, as our Moon rcUtcts the liglit to 
the Earth. In his noctornal sky, they most appear like two 
goreeous arches of light, bright as ^ 

the full moon, and spanBLUg the ^ 
vhole heavens like a stupendooB i 
rainbow. I 

^turn,lindliiuiangilirecIlV><>''th. tlm i/uuiev 11 
in 'the ««, Md™/^ Viwn in the e»sl U Uw 

505. The two rings noited are nearly 18 times as wide as the 
diameter of the Moon ; and the nearest is only iJjth as far from 
ihe planet as the Moon is from as. 

30 140,000 mllee, the Uooii'i distance ■>■ l»Sm ths dlilnace of Ssturn'e laterlar 
rtog=l3}J. 



506. The periodic time of Saturn being nearly thirty years, 
bis motion eastward among the stars must be very slow, amounts 
tog to only 12° a year, or one sign in 2^ years. It will be easy, 
therefore, having once ascertained his position, to watch his slow 
progress eastward year after year, as he performs his vast circuit 
around the heavens. 

MOONS OP SATURN. 

50T. Besides the magnificent rings already described, th 
telescope reveals eight saleUilM or moons, revolving around Saturn. 
But these are seen only with good instruments, and under favor- 
able circumstances. 
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SATSLUTKS Of BATUBS. 

The best time for observ- 
ing them is when the planet 
is at his equinoxes, and his 
rings are nearly invisible.. 

In Januaiy, 1840, the author saw fire 
•>t theM satellites, as represented in the adjoining cut. The rings appeared only as a line 
-»f U^t extending each way from the planet, and the satellites were in the direction oi 
'Jui line, at different distancea, as here represented 

508. These satellites all revolve eastward with the rings of 
ihe planet, in orbits nearly circular, and, with the exception of 
the eighth, in the plane of the rings. Their mean distances, 
respectively, L*om the planet's center are from 123,000 to 
2,366,000 miles ; and their periods from 22 hours to 19 days, 
according to their distances. 

The distanees and periods of the satellites of Satom are as follows : 

Piwpft fa mllMki Farledie tlBMik DItUnen in milM. Periodic tlima. 



iBt 118,000 OdajSSIhoiirt 

Sd 168,000 1 »* 9 •* 

8d 188,000 1 "81 ** 

nth 840,000 S « IT « 



6th 880,000 4 days 12 hoara 

6th 778,000 15 •* 23 ** 

7th 940,000 22 •» .. " 

8th .2,208,000 79 •» T • 



CXniPABATITS SnTASCH OF TBS MOOm OF &1TVBH. 

f a 1 4 • t V t 

509. The most distant of these satellites is the largest, sup 
posed to be about the size of Mars ; and the remainder grow 
smaller as they are nearer the primary. They are seldom eclipsed, 
on account of the great inclination of their orbits to the ecliptic, 
except twice in thirty years, when the rings are edgewise toward 
the Sun. The eighth satellite, which has been studied more than 
all the rest, is known to revolve once upon its axis during every 
periodic revolution ; from which it is inferred that they all 
revolve on their respective axis in the same manner. 

srwnm or satubx— no kclipsbs. 

Let the line A B represent the plane 
of the planet's orbit, G D his axis, and 
B F the plane of his rings. The satellites 
being in the plane of the rings wiU 
revolTe around the shadow of the pri- 
mary, instead of passing through it, and 
being eclipsed. A 

At the time of his equinoxes, however, 
when the rings are turned toward the 
Bnn (see A and E, cut, page 242) they 
must be in the center of the shadow on 

606. The rerolutionsf Shape and position of their orbits? Distanees from their pr* 
maiyf C09. GomparMlv* hikoT 




THE PRIMARy PLANETS JUPITER AND SATURN. a^lf) 

the opposite ilde ; and the moons, rerolTing in the plane of the rings, most pass through 
the shadow at every revelation. The eighth, however, may sometimes escape, on accoimt 
of his departure from the plane of the rings, as shown in the cut. 

510. The theory of the satellites of Satarn is less perfect than 
than that of the satellites of Japiter. The difficulty of observ- 
log their eclipses, and of measuring their elongations from their 
primary, have prevented astronomers from determining, with 
their usual precision, their mean distances and revolutions. But 
of this we are certain : there is no planet in the solar system, 
whose firmament presents such a variety of splendid and mag- 
nificent objects as that of Saturn. 

The various aspects of the seven moons, one rising above the horison, while another in 
setting, and a third approaching to the meridian ; one entering into an eclipse, and 
anotlier emerging from one ; one appearing as a crescent, and another with a giblnius 
phase ; and sometimes the whole of them shining in the same hemisphere, in one bright 
assemblage I The majestic motion of the rings — at one time illuminating the sky with 
their splendor, and eclipsing the stars ; at another, casting a deep shade over certain 
regions of the planet, and nnveOing to view the wonders of the starry firmament, arc 
scenes worthy of the majesty of the Divine Being to unfold, and of rational creatures to 
contemplate. 
^Sucb displays of Wisdom and Omnipotence, lead us to conclude that the numerous 
splendid okjects connerted with this planet, were not created merely to shed their luster 
on naked rocks and barren sands ; but that an immense population of intelligent beingf 
is placed in those regions, to eqjoy the bounty, and adore the goodness, of their great 
Creator. 



CHAPTER YIII. 
PRIMARY PLANETS.— URANUS AND NEPTUNE. 

511. Uranus is the next planet in order from the Sun, beyond 
or above Saturn. To the naked eye, it appears like a star of 
Duly the 6th or 7th magnitude, and of a pale, bluish white ; but 
it can seldom be seen, except in a very fine, clear night, and in 
the absence of the Moon. Through a telescope, he exhibits a 
small, round, uniformly illuminated disc, without rings, belts, oi 
discernible spots. His apparent diameter is about 4", from 
which ho never varies much, owing to the smallness of our orbit 
m comparison with his own. 

610 Is the system of Saturn weU understood? Why not? Of what are we snret 
What scenes must It present? To what conclusion must these phcnomenu kad "asir 
511. Pofliticn and appearance r' Uranus? Through a telescooe ? 
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9ir John Heraebel sftys he U without discernible spots, and jet In his sabl<>8 he lays 
down thtf time of the planet** rotation (which could only be ascertained hj the rotation 
or spots upon the planet's disc;, at dM hours. This time is probably given on tiie 
iutliority of Scbroeter, and is marked as doubtful by Or. UerscheL 

512. The motion of Uranus in longitude is still slower than 
that of Saturn. It moves over but one degree of its orbit i 
85 days ; hence he will be seven years in passing over one sigi 
or constellation. His periodic time being 84 years 27 days, hi.s 
eastward motion can amount to only about 4° 17' in a whole 
year. To detect this motion requires instruments and close 
observations. At this date (1866), Uranus has made the entire 
circuit of the heavens since his discovery in 1781; having 
passed, in 1865, the point where he was first seen, and being 
now upon his second known journey around the heavens. 

It is remarkable that this body was obserred as far back as 16iK). It was seen three 
times oy Flamstead, once by Bradley, once by Mayer, and eleren times by Lemon nier, 
who registered it among the stars ; but not one of them suspected it to be a planet. 

513. The inequalities in the motions of Jupiter and Saturn, 
which could not be accounted for from the mutual attractions 
of these planets, led astronomers to suppose that there existed 
linother planet beyond the orbit of Saturn, by whose action 
these irregularities were produced. This conjecture was con- 
firmed March 13th, 1781, when Dr. Herschel discovered the 
motions of this body, and thus proved it to be a planet. 

514. The mean distance of Uranus from the Sun is 
1,828,000,000 of miles ; more than twice the mean distance of 
Saturn. His sidereal revolution is performed in 84 years and 

1 month, and his motion in his orbit is 15,600 miles an hour. ^ 
He is supposed to have a rotation on his axis, in common with ' 
the other planets ; but astronomers have not yet been able to 
obtain any ocular proof of such a motion 

515. His diameter is estimated at 36,000 miles ; which would 
make his volume more than 80 tunes larger than the Earth's. 
To his inhabitants, the Sun appears only the ^^j part as large 
a^ he does to us ; and of course they receive from him only that 
gi;nall proportion of light and heat. It may be shewn, however, 
that the 7^7 part of the Sun's light exceeds the illuminating 
power of 800 full moons. This, added to the light they must 
receive from their six satellites, will render their days and 
nights far from cheerless. 

_ _ _ . — — - — - 

019. His motion in longitude T Periodic time? Angular motion per year f How fai 
has he been traced since his discoTery ? When complete his revolution? Was he ever 
eeen previous to 1 <?>•. T By whom ? Why are they hot the dUoovsren^ then ? 518. Was 
his esisience suspected previous to 1T81 r What ground for the suspicion? How proved 
tobeapmnet? 514. Me&n distance ? Sidereal revolution? Hourly motion in ••rbitf 
Bblatlon on axb ? r>I.''.. Dianietor? Vo^u^• ♦ LIig^Lt aoi >te;it? Uje of ••^' ii.» 
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516. Uranus is attended by six moons or satellites, which 
revolve aboujb him in different periods, and at various distances. 
Four of them were discovered by Sir William Herschel, and twa 
by his sister, Miss Caroline Herschel. It is possible that other? 
remain yet to-be discovered. 

Most of the satellites revolve from east to west around their 
primaries; but the satellites of Uranus are an exception to tliis 
rule. Tneir orbits are inclined to the plane of the ecliptic 79°, 
being little less than a right angle ; and their motion in their 
orbits is retrograde, that is, from east to west. 

The distance from the planet, and the periodic times of the latelUtes of UranuBf 
respectively, are as follows:— 

Diftt is mllM. Periodic tbaw. Dist la mlloi. Pariodic titan, 

J>. H. 7>. H. 



1 120,000 2 12 

2. 171,000.... 4 8 

B. 288,000 8 IT 



4. 880,000 13 11 

6. 777,000 88 2 

6L l,65d,000 107 16 



NEPTUNE. 

517 This is the most distant of the primary planets, and in 
some respects one of the most interesting. It is about 35,000 miles 
in diameter, is situated at the mean distance of 2,862,000,000 
miles from the Sun, and revolves around him in 164 years. So 
remote is this newly-discovered member of the solar system, that 
for a body to reach it, moving at railroad speed, or 30 miles an 
hour, would require more than twenty thousmd yean ! 

518. The circumstances of the discovery of this planet are at 
once interesting and remarkable. Such is the regularity of the 
planetary motions, that astronomers are enabled to- predict, with 
great accuracy, their future places in the heavens, and to con- 
struct tables, exhibiting their positions for ages to come. Soon 
after the discovery of Uranus, in 1781, his orbit was computed, 
and a table constructed for determining his future positions iu 
the heavens, but instead of following the prescribed path, or 
occupying his estimated positions, he was found to be yielding to 
some mysterious and unaccountable influence, under which he 
was gradually leaving his computed orbit, and failing to meet 
conditions of the tables. 



B16. Number of Moons? By whom discovered? Is it certain that Uranus has sis 
sntellites? Why doubtful? 617. Distance and diameter of Neptune? Period? How 
lorig to pass from the Sun to it at railroad speed? 518. What remarkable circunn* 
0tA:i>}es respecting its discovery? Perturbation ? 
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619. At first this discrepancy between the observed and the 
t«iimated places of XJranas, was charged upon the tables^ and a 
new orbit and new tables were computed, which it was thought 
could not fail to represent the future places of the planet. But 
these also seemed to be erroneous, as it was soon discovered that 
the computed and observed places did not agree, and the differ- 
ence was becoming greater and greater ^verj year. This was 
an anomaly in the movements of a planetary body. It was not 
strange that it should be subject to perturbations, from the attrac- 
tive influence of the large planets Jupiter and Saturn, as these 
were known to act upon him, as well as upon each other, and 
the smaller planets, producing perturbations in their orbits, but 
all this had been taken into the account in constructing the 
tables, and still the planet deviated from its prescribed path. 

520. To charge the discrepancy to the tables, was no longer 
reasonable, though it was thought perhaps sufficient allowance 
had not been made, in their computation, for the disturbing influ- 
ence of Jupiter and Saturn. To determine this question, M. Le- 
verrier, of Paris, undertook a thorough discussion of the sub- 
ject, and soon ascertained that the disturbing influence upon 
Uranus of all the known planets, was not sufficient to account 
for the anomalous perturbations already described, and that they 
were probably caused by some unktiovm planet , revolving beyond 
the orbit of Uranus. From the amount and effect of this dis- 
turbing influence from an unknown source, the distance, magni- 
tude, and position of the imaginary planet were computed. 

521. At this stage oC the investigation, Leverrier wrote to 
his friend. Dr. Galle, of Berlin, requesting him to direct his 
telescope to that part of the heavens in which his calculations 
had located the new planet, when lo ! there he lay, a thousand 
millions nf miles beyond the orbit of Uranus, and yet within less 
than one degree of the place pointed out by Leverrier ! This 
was on the 1st of September, 1846. 

522. While M. Leverrier was engaged in his calculations at 
Paris, Mr. Adams, a young mathematician of Cambridge, Eng- 
land, was discussing the same great problem, and had arrived at 
similar results even before M. Leverrier, though entirely igno- 
rant of each other's labors or conclusions. This »eems to estab- 



610. To what attributed at first f What done to correct T What then? 630. What 
next undertaken, and by whom? What result and conclusion ? 521. What remArkabl« 
computation and letter? Result of Dr. Galleys search? 522. Who else investif^atins 
the subject at the same time? His conclusions ? What fact does this establish? Wi^ 
aot Aduns the discoverer? 
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liah the fact, that the new plauet was discovered by calculation, 
though the failure of Mr. Adams to publish his coucluslous, cut 
off his right to the honor of the discovery. 

623. Since the discovery of this planet, it has been ascertaiueil 
that it was seen as far back as 1795, though supposed to be u 
fixed star, and catalogued as such ; and that all the irregulari- 
ties of Uranus, with which astronomers were so much perplexed, 
are perfectly accounted for by the influence of the new planet. 

524. Neptune is attended by but one satellite, so far as is 
known. It was discovered by Mr. Lassell, of Starfield, near 
Liverpool, October 12, 1846. It revolves around its primary 
in 5 days and 21 hours, at a distance of 236,000 miles from the 
planet's centre. Its orbit is inclined to the plane of the ecliptic 
29°« and its motion in its orbit is retrograde^ like the direction 
ot the satellites of Uranus. 



CHAPTER IX. 

COMETS— THEIR NATURE, MOTIONS, ORBITS, &o. 

525. Comets, whether viewed as ephemeral meteors, or as 
substantial bodies, forming a part of the solar system, are objects 
of no ordinary interest. When, with uninstructed gaze, we look 
upwards, to the clear sky of evening, and behold, among the 
multitudes of heavenly bodies, one, blazing with its long train 
of light, and rushing onward towards the center of our system, 
we insensibly shrink back as if in the presence of a supernatural 
being. But when, with the eye of astronomy, we follow it 
through its perihelion, and trace it far off, beyond the utmost 
verge of the solar system, till it is lost in the infinity of space, 
not to return for centuries, we are deeply impressed with a sense 
of that power which could create and set in motion such 
bodies. 

526. Comets are distinguished from the other heavenly bodies, 
by tlieir appearance and motion. The appearance of tlie planets 

628. Haa Neptune ever been seen prior to 1846? What supposed to be? Does it 
account for the perturbation of Uranus? 524. lias Neptune a satellite? When, and 
h/ w^hom discovered? What said of rings t 525. Subject of this chapter? How 
»i!ieta regarled by the uninstructed? By the astronomer? 526. How disting«iisbe>l 
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i§ globalar, aod their motiou aronnd the San is uearly in tbt 
tame plane, and from west to east ; bat the comets have 
▼ariety of forms, and their orbits are not confined to any par- 
ticular part of the heavcng ; aor do they observe any one general 
direction. 

The orbits of the planets approach nearly to circles, while 
those of the comets are very elongated ellipses. A wire hoop, 
fcT example, will represent the orbit of a planet. If two oppo- 
site sides of the same hoop be extended, so that it shall be long 
and narrow it will then represent the orbit of a comet. The 
^Dn is always iu one of the foci of the comet's orbit. 



In fKci, the Dbierved piUi at anj eomet, vhlle TlilUg, msj bdone dtlier to un ellipse, 

G2T. That part which is nsnally brighter, or more opaqut, than 
the other portions of the comet, is called the nudeas. This is 
anrrounded by on envdope, which has a cloudy, or hairy appear- 
ance. These two parts constitnte the body, and, in many 
instances, the whole of the comet. Most of them, however, are 
attended by a long train, called the tail; though some are with- 
out this appendage, and as seen by the naked eye, are not ea^ly 
distingnished from the planets, Otliers again, bare no apparent 
nacleus, and seem to be only globular masses of vapor. 

Nothlns li knowD with certiint; of the clmpailltan of IhcR boillM. His enT«lo|l« 

Wbat kf (h« nucirva nr a comet f ThetfRce^j^/ The tailT Hare til comeU Lhc&i 
three pHrtflf Do wt uiulvrsUDdoF vhHt tbey uecompoAcil? WhAt evidence at IbeLi 
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• 
approaching the San. As the comets pass between as and the fixed stars, their envelope j 
and tails are so thin, that stars of very small magnitude may be seen through tliem. 
Some comets, hitring no nucleus, are transparent throughout their whole extent. 

528. The nucleas of a comet sometimes appears opaqae, and 
H then resembles a planet. Astronomers, however, are not 
agreed upon this point. Some affirm that the nacleas is always 
transparent, and that comets are in fact nothing bat a mass of 
vapor, more or less condensed at the center. By others it is main- 
tained that the nucleus is sometimes solid and opaque. It 
seems probable, however, that there are three classes of comets, 
viz. ; 1st. Those which have no nucleus, being transparent 
throughout their whole extent ; 2d. Those which have a trans- 
parent nucleus ; and, 3d. Those having a nucleus which is solid 
and opaque. 

529. A comet, when at a distance from the Sun, viewed 
through a good telescope, has the appearance of a dense vapor 
surrounding the nucleus, and sometimes flowing far into the 
regions of space. As it approaches the Sun, its light becomes 
more brilliant, till it reaches its perihelion, when its light is more 
dazzling than that of any other celestial body, the Sun excepted. 
In this part of its orbit are seen to the best advantage the phe- 
nomena of this wonderful body, which has, from remote antiquity, 
been the specter of alarm and terror. 

530. The luminous train of a comet nsnallj follows it, as it 
approaches the Sun, and goes before it^ when the comet recedes 
from the Sun ; sometimes the tail is considerably curved towards 
the region to which the comet is tending, and in some instances, 
it has been observed to form a right angle with a line drawn 
from the Sun through the center of the comet. The tail of the 
comet of 1744, formed nearly a quarter of a circle ; that of 
1689 was curved like a Turkish sabre. (Map IX., Fig. 73.) 
Sometimes the same comet has several tails. That of 1744 had, 
at one time, no less than six, which appeared and disappeared in 
a few days. (See Map IX., Fig. 74.) The comet of 1823 
had, for several days, two tails ; one extending towards the Sun, 
and the other in the opposite direction. 

531. Comets, in passing among and near the planets, are ma- 
terially drawn aside from their courses, and in some cases have 
their orbits entirely changed. This is remarkably true in regard 

528. What difference of opinion respecting t*e nucleus of comets? What probable 

solution y 529. IIuw do tlmy appear when viewed through a telescope at a dititaiioc 

from the Sun? As it approaches him? Where seen to best advantage? 53<). Usual 

Irt-tiiiM «)f t'«e trains of comets? Other positions? Comet of 1744? Of ib8»? 0." 

y^..^ M\. luw.t^ce v< aitraciion upon comets? Tllustratious? Comet oTUTo/ 
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to Jupiter, which seoras by some strange fatality to be coiistaiitlj 
in their way, and to serve as a perpetual stumbling-block to 
them. 

** Tho remarkable comet of 1770, irhich was found hj Lexell to reyoire in a moderate 
eltipee, in a periiMl of about Ave years, actually ffot entangled among the sateUites of 
Jupiter, and throirn out of its orbit by the attractions of that planet," and has not been 
heard of since.— i7«recAe/, p. 810. By this extraordinary rencontre, the motions of 
Jupiter's satellites suffered not the least perceptible derangement ; a sufficient proof of 
th*i aeriform nature of the comet's mass. 

632. It is clear from observation, that comets contain very 
little nuUttr. For they produce little or no effect on the motion 
of the planets when passing near those bodies ; it is said that a 
comet, in 1454, eclipsed the Moon ; so that it must have been 
very near the Earth ; yet no sensible effect was observed to be 
produced by this cause, upon the motion of the Earth or the 
Moon. 

The obserratloiis of philosophers upon comets, hare as yet detected nothing of their 
nature. Tycho Bra^e and Appiac supposed their tails to be produced by tlie rays of the 
Sun transmitted through the nucleus, which they supposed to be transparent, and to ope- 
rate as a lens. Kepler thought they were occasioned by the atmosphere of the comet, 
driven olT by the impulse of the Sun's rays. Tiiis opinion, with some modification, was 
also maintained by Kuler. Sir Isaac Newton conjectured that they were a thin vapor, 
rising from the heated nucleus, as smoke ascends from the Earth ; while Dr. Hamilton 
supposed them to be streams of electricity. 

** That the luminous part of a comet," says Sir John Herschel, ** is something in the 
nature of a smoke, fog, or cloud, suspended in a transparent atmosphere, is evident from 
a fact which has been often noticed—via., that the portion of the tail where it comes up 
to, and surrounds the head, is yet separated from it by an interval less luminous ; as we 
often see one layer of clouds laid over another with a considerable clear space between 
them." And again : ** It follows that these can only be r^arded as great masses of thin 
vapor, susceptible of being penetrated through their whole substance by the sunbeams." 

533. Comets have always been considered by the ignorant and 
superstitious, as the harbingers of war, pestilence, and famine. 
Nor has this opinion been, even to this day, confined to the 
unlearned. It was once universal. And when we examine the 
dimensions and appearances of some of these bodies, we cease 
to wonder that they produced universal alarm. 

According to the testimony of the early writers, a comet which could be seen in day- 
light with the naked eye, made its appearance 43 years before the birth of our Saviour. 
This date was Just after the death of Csesar, and by the Romans, the comet was believed 
to be his metamorphosed soal, armed with fire and vengeance. This ccmet is again men- 
tioned as appearing in 1106, and then resembling the Sun in brightness, being of a great 
siae, and having an immense tail. In the year 1402, a comet was seen, so brilliant as to 
be discerned at noon-day. . * 

534. in 1456, a large comet mads its appearance. It spread 
a wider terror than was ever known before. The belief was very 
general, among all classes, that the comet would destroy the 
Earth, and that the Day of Judgment was at hand ! 

582. What said of their | hysical natures? Opinion of Tycho Brahe? Of Kepler and 
Bulerf Of Newton aaJ Dr. Hamilton? Of Sir John Herschel? 533. How have comets 
usually been regarded by Uie ignorant? What remarkable comet mention«id? ft»l 
What comet in 1456 ? Effect of its appearance ? Has it appeared since ? Itsi period ^ 
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The same comet appeared again in the years 1531, 160Y, 1682, 
1158 and 1835. It passed its perihelion in November, 1835, 
and will re-appear every 75^ years thereafter. 

At the time of the appearance of this comet, the Turks extended their victorious arms 
scroBi the Hellespont, and seemed destined to overrun all Europe. This added not a 
Jttle to the general gloom. Under all these impressions, the people seemed totally regard- 
*e«s of tiie present, and anxious only for the future. The Romish Church held at this 
time unbounded sway over the lives, and fortunes, and consciences of men. To prepare 
the world for its expected doom, Pupe Galixtus III. ordered the Ave Maria to be repeated 
three times a day, instead of two. He ordered the church bells to be rung at noon, 
which was the origin of that practice, so. universal in Christian churches. To the Ave 
Maria, tiie prayer was added — '^ Lord ! save us from the Devil, the Turk and the Comet ;** 
and once, each day, these three obnoxious personages suffered a regular excommuni- 
cation. 

The Pope and clergy exhibiting such fear, it is not a matter of wonder that it became 
the ruling passion of the multitude. The churches and convents were crow 'ed for con- 
fitssiou of sins ; and treasures uncounted were poured into the Apostolic chat. ber. 

The comet, after suffering some months of daily cursing and excommunicati m, began 
to show signs of retreat, and soon disappeared from those eyes in which it < *und nc 
favor. Joy and tranquillity soon returned to the faitliftil subjects of the Pope, bu not sc 
their money and lands. The people, however, became satisfied that their lives, aud th« 
safety of the world, had been cheaply purchased. The Pope, who had achieved so signal 
a victory over the monster of the sky, had checked the progress of the Turk, and kept, 
for the present, his Satanic msgesty at a safe distance ; while the Church of Rome, 
retaining her unl>ounded wealth, was enabled to continue that influence over her follow- 
ers, wtiich she retains, in part, to tliis day. 

535. The cornet of 1680 would have been still more alarming 
than that of 1456, had not science robbed it of its terrors, and 
history pointed to the signal failure of its predecessor. This 
comet was of the largest size, and had a tail whose enormous 
length was more than mnety-six millions of miks, (Map IX.. 
Fig. 15.) 

At its greatest distance, it is 13,000,000,000 of miles from 
the Sun ; and at its nearest approach, only 574,000 miles from 
his center ;* or about 130,000 miles from his surface. In that 

* In Brewster's edition of Ferguson, this distance is stated as only 40,000 miles. This 
is evidently a mistake; for if the comet approached the Sun*s center within 49,000 miles, 
it would penetrate 890,000 miles below the surface ! Taking Ferguson's own elements for 
computing the perihelion distance, the result will be 494,460 miles. The mistake may be 
accounted for, by supposing that the cypher had been omitted in the copy, and the period 
pointed off one figure farther to the left. Yet, with this alteration, it would be still incor« 
rect ; because the Earth's mean distance f^om the Sun, which is the integer of this calcu- 
lation, is assumed at 82,0(H),000 of miles. The ratio of the comet's perihelion distance 
from the Sun, to the Earth's mean distance, as given by M. Pingr^, is as 0.00608 to 1. 
This multiplied into 95,278,869, gives 574,500 miles for the comet's perihelion distance 
from the Sun's center; from which, if we substract his semi-diameter, 448,840 miles, we 
shall have 130,660 miles, the distance of the comet from tlie surface of the Sun. 

Again, if we divide the Earth's mean distance from the Sun, by the comet's perihelion 
distance, we shall find that the latter is only l-166th part of the Earth's distance. Now 
the square of 166 is 27,556 ; and Uiis expresses the number of times that the Sun appears 
larger to the comet, in the above situation, than it does to the Earth. Squire makes it 
8'1,596 times larger. 

According to Newton, the velocity is 880,000 miles per hour. More recent discoveries 
Indicate a velocity of 1,240,108 miles per hour. 

Incidents respecting the Turks and Church of Rome ? 585. Comet of 1680 f Length of 
!tH tuil? Aphelion and perihelion distances? Rapidity of its motion when nearest the Son? 
What error corrected? Appearance of the Sun from that point? Heat of the comet? 
Indicates what? Fanciful theory of Dr. Whiston, and remarks upon it? 
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directiou. Notliing can be more sublime, or better calculated to 
fill the miud with profound astonishment, than to contemplate the 
revolution of comets, while in that part of their orbits which 
i!omes within the sphere of the telescope. Some seem to come 
up from the immeasurable depths below the ecliptic, and, having 
doubled the heavens' mighty cape, again plunge downward with 
their fierj trains, 



u 



On the long travel of a thousand years.** 



Others appear to come down from the zenith of the universe 
to double their perihelion about the Sun, and then reascead far 
above ail human vision. Others are dashing through the solar 
system in all possible directions, and apparently without any 
undisturbed or undisturbing path prescribed by Him who guides 
and sustains them all. 

641. Until within a few years, it was universally believed that 
the periods of their revolutions must necessarily be of prodigious 
length ; but within a few years, two comets have been discov- 
ered, whose revolutions are performed, comparatively, within 
our own neighborhood. To distinguish them from the . more 
remote, they are denominated the Comets of a short ^period. The 
first was discovered in the constellation Aquarius, by two French 
astronomers, in the year 1786. The same comet was again 
observed by Miss Caroline Herschel, in the constellation Cygiius, 
in 1795, and again in 1806. In 1818, Professor Eucke deter- 
mined the dimensions of its orbit, and the period of its sidereal 
revolution ; for which reason it has been called " Eiick^s Comet. ' 
Map IX., Fig. 77. 

This comet performs its revolution around the Sun in about 8 jears and 4 months^ in 
an elliptical orbit which lies wholly within the orbit of Jupiter. Its mean, distance from 
the Sun is 212,000,000 of miles; the eccentricity of its orbit is 179,0(K),000 of miles; con- 
sequently, is 858,000,000 of lailes nearer the Sun in its perihelion, tlian it is in its aplie- 
lion. It was visible throughout the United States in 1825, when it presented a fine 
appearance. It was also observed at its next return in 1828; but its return to its pcrilie- 
hon on the 6th of May, 1882, was invisible in the United States, on account of its great 
southern declination. It has returned at regular periods since that time. 

642. The second " comet of a short period," was observed in 
1772 ; and was seen again in 1806. It was not until its reap- 
pearance in 1826, that astronomers were able to determine the 
elements of its orbit, and the exact period of its revolution. 
This was successfully accomplished by M. Biela of Josephstadt ; 
hence it is called Bida^s Comet. 



541. What opinion respecting their periods? What distinction in comets foimded on 
the 'lengths of their periods? History of ^* Sncte^ 9 CometV* Its period, orbit, mear 
ils'AZKe, eccentric, itj of its orbit? 542. Uistoiy of *' J?i£/<i*s Cometf** Its dlameterV 
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Aoconling to observations made npon It In 1806, by the celebrated Dr. Olbers, Its 
iiameter, including it« envelope, is 42,280 miles. It is a curious fact, that the path of 
BieiH*8 Comet passes very near to that of the Earth; so near, that at the mon'ent the 
center of the comet is at the point nearest to the Earth's path, the matter of the cornet 
extends beyond that path, and includes a portion irithln it. Thus, if tlie Earth were a) 
that point^of its orbit which is nearest to the path of the comet, at the same moment 
that the comet should be at that point of its orbit which is nearest to the path of the 
Earth, the Earth would be enveloped in the nebulous atmosphere of the comet. 

With respect to the effect which might be produced upon our atmosphere by such a 
eircumstance, it is impossible to offer anything but the most vague conjecture. Sir Julm 
Herschel was able to distinguish stars as minute as the 16th or 17th magnitude Vtrough 
Vie body qf the comet / Hence it seems reasonable to infer, that the nebulous matter of 
which it is composed, must be infinitely more attenuated than our atmosphere ; su that 
for every particle of cometary matter which we should Inhale, we should inspire millions 
of particles of atmospheric air. 

543 This is one of the comets that was to come into collision 
with the Earth, and to blot it out from the Solar System. In 
rettirnini^ to its perihelion, November 26th, 1832, it was comput- 
ed that it wonld cross the Earth's orbit at a distance of only 
18,500 miles. It is evident that if the Earth had been in that 
part of her orbit at the same time with the comet, our atmos- 
phere would have mingled with the atmosphere of the comet, 
and the two bodies, perhaps, have come in contact. But the 
comet passed the Earth's orbit on the 29th of October, in the 
8th degree of Sagittarius, and the Earth did not arrive at tliut 
point un*il the 30th of November, which was 32 days after- 
wards. 

If we multiply the number of hours in 82 days, by 68,000 (the velocity of the Earth pei 
hour), we shall find that the Earth was more than 52,000,000 miles behind the comet wlien 
it crossed her orbit. Its nearest approach to the Earth at any time, was about 51,000,000 
of miles ; its nearest approach to the Sun, was about 88,<K)0,000 of miles. Its mean dis- 
tance from the Son, or half the longest axis of its orbit, is 887,000,000 of miles. Its 
eccentricity is 258,000,000 of miles ; consequently, it is 607,000,000 of miles nearer the 
Sun in its perihelion than it is in its aphelion. The period of its sidereal revolution is 
2460 days, oi about 61^ days. 

544. Although the comets of Encke and Biela are objects of 
very great interest, yet their short periods, the limited space 
within which their motion is circumscribed, and consequently the 
very slight disturbance which they sustain from tiie attraction 
of the planets, render them of less interest to physical astrono- 
my thai* those of longer periods. They do not, like them, rush 
from the invisible and inaccessible depths of space, and, after 
sweepirg our system, depart to distances with the conception of 
which the imagination itself is confounded. They possess none 
of that grandeur which is connected with whatever appears to 
break through the fixed order of the universe. 

What curious fact stated? What result if the Earth were to be enveloped in the comet? 
543. What raiscliief formerly anticipated ftom Biela's comet? Its return in 1S82 ? How 
near a collision in digttincff and in timet Its nearest approach to the Earth ? To the 
SunV Its mean distance from him? Its eccentricity and period? 544. \fhy are the 
c«'iii»t» of short periods less interesting than others ? For what comet is it reserved f 
ar..r' grii'jn.is for tlie proudest triumphs of mathematical scitnre? 
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it is reaerred for the coiuet of HaUey alone to afford the proudest triumphs to tlicMo 
powers of calculation by which we are enabled to foiloT it in the depths of spuce, 
z,000,lHKl,(H)0 of uiiletf beyond the extreme verge of the solar system; and, notwithstaud- 
tng the disturbances which render each succeeding period of its return different from 
rhe last, to foretell that return with precision. To be able to predict the very day and 
circumstances of the return of such a bodiless and eccentric wanderer, after the lapse 
iif so many years, evinces a perfection of the astrunomical caloulua that may justly 
''hallenge our admiration, 

545. "The re-appearance of Biela's comet," sajs Herschel, 
" whose return in 1832 was made the subject of elaborate cal- 
culations by mathematicians of the first eminence, did not disap- 
point the expectations of astronomers. It is hardly possible to 
imagine anything more striking than the appearance, after the 
lapse of nearly seven years, of such an all but imperceptible 
cloud or wisp of vapor, truej however^ to its predicted sime atid 
place, and obeying laws like those which regulate the planets." 

Herschel, whose Observatory was at Sloughy England, observed the daily progress of 
this comet firom the 24th of Septembtf, until its disappearance, compared its actual posi- 
tion from day to day, with Its calculated position, and found them to agree within four 
or five minutes of time in right ascension, and within a few seconds of declination. 
Its position, then, as represented on a planisphere wnich the author prepared for his 
pupils, and afterwards published, was true to within a less space than one- third of its 
projected diameter. Like some others that have been observed, this comet has no lumi- 
nous train by which it can be easily recognised by the naked eye, except when it is very 
near the Bun. This is the reason why it was not more generally observed at its late 
return. 

Although this comet is usually denominated "Biela*s comet," yet it seems that 
M. Oambart, director of the Observatory at Marseilles, is equally entitled to the honor of 
identifying it with the comet of 1772, and of 1805. He discovered it only 10 days after 
Biela, and immediately set about calculating its elements from his own observations, which 
are thought to equal, if they do not surpass, in point of accuracy, those of every other 
astronomer. 

546. Up to the beginning of the Hfh century, no correct 
notions had been entertained in respect to the paths of comets. 
Kepler's first conjecture was that they moved in straight lines ; 
but as that did not agree with observation, he next concluded 
that they were parabolic curves, having the Sun near the vertex, 
and running indefinitely into the regions of space at both extre- 
mities. There was nothing in the observations of the earlier 
astronomers to fix their identity, or to lead him to suspect that 
any one of them had ever been seen before ; much less that they 
formed a part of the solar system, revolving about the Sun in 
elliptical orbits that returned into themselves. 

547. This grand discovery was reserved for one of the most 
industrious and sagacious astronomers that ever lived — this was 
Dr. Halley, the cotemporary and friend of Newton. When the 
comet of 1682 made its appearance, he set himself about observ- 
ing it with great care, and found there was a wonderful, resem- 

545. Remarks on the re-appearance of Biela's comet? What remarkabl* calculation 
refurred to ? Form of this comet ? Is it really Biela*s comet ? 546. Former know- 
•cdr/' o^ the orbits of comets? 547. What ^ ....a uiscovery, and by whom* Proccn 
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blancfl between it aad three otiier comets that he found recorded, 
the comets of 1456, of 1531, and 1607. The times of tlieir 
appearance had beeo nearly at equal and r^ular inlfifTals ; tlieir 
perihelion distauces were nearly the same ; and he finally provcil 
them to be one and the same comet, performing its circuit around 
tlie Sun in a period varying a little fVom 76 years. It is, there- 
fore, called HaOey's comet. (Map IX., Fig. t8.) 

The orbit of Halley's comet extends outwird aboat 120,000,000 
of miles beyond the orbit of Neptune, as represented in the fol 
leiviiig cut : 



TMsl-lheuintrDinftUitlfllltil the eutern mirLd vllh go mach eoniteniallon In 14Bt, 
■a "UUil on fift SSS, snd becimc ui oiiea at lueh aUmrrence U> the Obnrch ol Roiae. 

The periodic times of the three comets just described, are aa 
follow r 

Encke's, 1212 days. 
Biela'B, 3461 days. 
Halley's, 28,000 days. 

cnning tk;. Bnt ire behold none of Ihme phenamFDi which threir our miivnnn of the 
inldillF itgrt into irontes al •uiKrilltlDU) terror. We ate not the oamila hon-nuta 
mafTMiutMs, HI It *pp«red <n ISW, nor Ihit U11 i>r enormDU lengUi which. Lq 14S6, 
rilendtdorer tiro-OilrdioflhelnterTnlb>tHr«n llie honion snd 11k lenlth. aor even n 

].«MJ)0«,IMiOnillei; coDHquentiT II Is S,3lt.»M,IKH) nfln further from the ^n In \tt 
M.TOO.OIXiDillel; but In the rormerlt [i8.ST1.T(>0,noU mile*. Therelore. Ihoujth iu n|^e- 
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548. The orbit of Eacke's ««"» * '«^™^»' '»""** 

comet is wholly within the orbit ^- * .^^ 

of Jupiter, while that of Biela's >i ^''^ ^""*'--.. 

extende but a short distance / V^* 

beyond it. The aphelion dis- / .jJ^^'^—'^Hy 

tance of Halley's comet is ..L.J*K«?f«uvjr,/"** *"^ ^ 

3,400,000,000 of miles, or / "".P^r: ^ 

550,000,000 of miles beyond i nr^'^ 

the orbit of Neptune. And 

even this is, in reality, a comet 

of short period compared with 

many that belong to our svs- \^ ^^^ % / 

549. The comet of 1819 wasre- ^ ^^^ - "* 

markable for its- straight wedge- 
shaped appearance — not altogether unlike a shuttle-cock. It 
exhibited none of that curvature in its form which is an almost 
universal characteristic of cometary bodies. Map IX., Fig. 79. 

550. The comet of 1843 was one of the most magnificent of 
modern times (See^Map IX., Fig. 80). It was more than 60° 
in length. In the Southern Hemisphere it was so brilliant as 
to throw a very strong light upon the Earth. As its distance 
from the Sun varied, its color varied, from pale orange to " rose 
red," and then to white. " It passed its perihelion on the 27 th 
of February, at which time it almost grazed the surface of the 
Sun, approaching nearer to that luminary than any comet 
hitherto observed. Its motions at this time were astonishingly 
s;wift, and its brilliancy such as to induce the belief that it was at 
a white heat through its whole extent. Its period is supposed 
to be 21|- years ; consequently this must be its eighth return 
since 1668 ; and it will visit our sphere again in 1865." 

At the time of the appearance of this comets Rev. Mr. Miller and others were earnestly 
irarninf the people of the United States, that the world was to be burned np on the 884 
of April following ; and the appearance cf the comet was regarded by many as an lodlcar 
tton that the end of aU things was at hand. 

551. The number of comets which have been observed since 
the Christian era, amounts to 660. Scarcely a year has passed 
witiiout the observation of one or two. And since multitudes 
of them must escape observation, by reason of their traversing 
that part of the heavens which is above the horizon in the day 

MS. Where are the orbits of Encke*8 and Riela^s comets situated f What said of Hal- 
iPV'it romet? M9. Comet of 1S19r 550. That of 1848? Its length? Brilliancy? 
W^iat ''ariation in its color ? Its perihelion passage ? Heat? Its period? Next appear- 
ance? Incident of its last appearance? 551. Number of comets* Why so few seen? 
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time, their whole number is probably many thousands. Comets 
so circumstanced, can only become visible by the rare coinci- 
dence of a total eclipse of the Sun — ^a coincidence which hap- 
pened, as related by Seneca, 60 years before Christ, wLen a 
large comet was actually observed very near the Sun. 

But M. Arago reasons in the following manner, with respect to the number of comets : — 
The number of ascertained comets, which, at their least distances, pass within the orbit 
of Mercury, Is thirty. Assuming that the comets are uniformly distributed tltroughout 
the solar system, there will be 117,649 times as many comets included within the orbit of 
Uranus, as there are within the orbit of Mercury. But as there are 80 within the orbit 
of Mercury, there must be 8,589,470 within the orbit of Uranus I 

• 552. Of 97 comets whose elements have been calculated by 
astronomers, 24 passed between the Sun and the orbit of Mer- 
cury: 33 between the orbits of Mercury and Venus ; 21 between 
the orbits of Venus and the Earth ; 15 between the orbits of 
Ceres and Jupiter. 49 of these comets move from east to west, 
and 49 in the opposite direction. The total number of distinct 
comets, whose paths during the visible part of their course had 
been ascertained, up to the year 1855, was about one hundred 
and fifty. 

553. What regions these bodies visit, when they pass beyond 
the limits of our view ; upon what errands they come, when 
they again revisit the central parts of our system ; what is the 
difference between their physical constitution and that of the 
Sun and planets ; and what important ends they are destined 
to accomplish in the economy of the Universe, are inquiries 
which naturally arise in the mind, but which surpass the limited 
powers of the human understanding at present to determine. 

554. Such is the celestial system with which our Earth was 
associated at its creation, distinct from the rest of the starry 
hosts. Whatever may be the comparative antiquity of our 
globe, and the myriads of radiant bodies which nightly gem the 
immense vault above us, it is most reasonable to conclude, that 
the Sun, Earth, and planets differ little in the date of their 
originl This, fact, at least, seems to be philosophically certain, 
that all the bodies which compose our solar system must have 
been placed at one and the same time in that arrangement, and 
in those positions in which we now behold them ; because all 
maintain their present stations, and motions, and distances, hij 
their mutual action on each other. Neither could it be where it 

Phenomenon 60 years before Christ? M. Arago's reasoning and conclusion? 662. 
Perihelion diitances of various curaets ? Directions in longitude ? Number whose paths 
have been ascertained? 658. H'hat inquiries awakened by the vioits of com^'tary 
bodies? 6^. Ketnarlcs respecting the date of the sola? system? What supposed i^rooi 
that the whole system was created at once ? 
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18, nor more as it does, nor appear as we see it, nnless tbey 
were all co-existenc. The presence of each is essential to tlie 
system — the Sun to them, they to the Sun, and ail to each 
other. This fact is a strong indication that their formation was 
simultaneoos. / 



CHAPTER X. 

OF THE FORCES BY WHICH THE PLANETS AKK 
RETAINED IN THEIR ORBITS. 

555. Having described the real and apparent motions of thn 
bodies which compose the solar system, it may be interesting 
next to show, that these motions, however varied or complex 
they may seem, all result from one simple principle, or law, 
namely, the 

LAW OP UNIVERSAL GRAVITATION. 

By gravitation is meant, that universal law of attraction, by 
which every particle of matter in the system has a tendency to 
every other particle. This attraction, or tendency of bodies 
towards each other, is in proportion to the quantity of matter 
they contain. The Earth, being immensely large in comparison 
* with all other substances in its vicinity, destroys the effect of 
this attraction between smaller bodies, by bringing them all to 
itself. 

It is s&Id, that Sir Isaac Newtoa, when he was drawing to a close the demonstration ol 
the great truth, that gravity is the cause which Iceeps the heavenly bodies in their orbita, 
was so much agitated with Uie magnitude and importance of the discovery he was about 
to make, that he was unable to proceed, and desired a friend to finish what the intensity 
of his feelings did not allow him to do. 

556. The attraction of gravitation is reciprocal. All bodies 
not only attract other bodies, but are themselves attracted, and 
both according to their respective quantities of matter. The 
Sun, the largest body in our system, attracts the Earth and all 
the other planets, while they in turn attract the Sun. The 

S55. Subject of this chapter? What is meant by gravitation? Upon what does the 
amount of this attraction depend? Influence of the Earth? Anecdote of Newton? 
r^. Is attraction reciprocal? W^hat illustration cited? Ways in which attrartiou 
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Earth, also, attracts the Moon, and she in tnm attracts the ! 



Earth. A ball, thrown upwards from the Earth, is brought 
again to its surface ; the Earth's attraction not only counter 
balancing that of the ball, but also producing a motion of the 
ball towards itself. 

Thisdispositioiif or tendency towards the Earth, ii manifested In whaterer f&lls, whether 
it be a pebUe from the hand, an apple from a tree, or an avalanche from a mountain. 
AU terrestial bodies, not excepting the waters of the ocean, gravitate towards the center 
of the Earth, and it is by the same power that animals on all parts of the globe staud 
aith their feet pointing tu its center. 

651. The power of terrestial gravitation is greatest at the 
Earth's surface, whence it decreases both upwards and down- 
wards ; but not both ways in the same proportion. It decreases 
upwards as the square of the distance from the Earth's center 
increases ; so that at a distance from the center equal to twice 
the semi-diameter of the Earth, the gravitating force would be 
only one-fourth of what it is at the surface. But lelow the sur- 
face, it decreases in the direct ratio of the distance from the 
center * so that at a distance' of half a semi-diameter from the 
center, the gravitating force is but half of what it is at the 
surface. 

Weight and Oraviiy^ in this case, are synonymous terms. We say a piece of lead 
weighs a poand, or 16 ounces ; but if by any means it could be raised 4000 miles abovo 
ihe surfMe of the Earjth, which is about the distance of the surface from the center, and 
consequently equal to two semi-diameters of the Earth above its center, it would weigh 
only one-fourth of a pound, or four ounces ; and if the same weight could be rai&ed to an 
elevation of 12,000 milea above the surface, or four seml-diameters above the center of 
the Earth, it would there weigh only one-sixteenth of a pound, or one ounce. 

658. The same body, at the center of the Earth, being equally 
attracted in every direction, would be without weight ; at 1000 
miles from the center it would weigh, one-fourth of a pound : at 
2000 miles, one-half of a pound ; at 300€ miles, three-fourths of 
a pound ; and at 4000 miles, or at the surface, one pound. 

It is a universal law of attraction, that its power decreases as 
the square of the distance increases. The converse of this is also 
true, viz.: The power increases as the square of the distance 
d^ureases. Giving to this law the form of a practical rule, it will 
stand thus : 

I'he gravity of bodies above the surface of the Earth decreases 
in a duj^icate ratio (or as the squares of their distances) ^ in sevii- 
diameters of the Earth, from the Earth's center. That is, when 

maniftats itself ? 657. Where is the power of terrestrial gravitation greatest? How 
diiminished T In what ratio as we ascend above the Earth ? As we descend toward ite 
center r Are weight and gravity the same ? MS. What would be the weight of a body 
At the Earth's center ? At 100 miles from the center ? At 2000 miles ? At 4000 ? What 
aniv^nal iw? What rule based upon this law? What illustrations given ? WhatruW 
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the graritj is inereasing, multiply the weight bj the square oil 
the distance ; bat when the gravity is decreasing, divide the 
weight by the square of the distance. 

Suppose a body weighs 40 pounds at SOOO miles above the Earth's suiface, what would 
itweifch at the surface, estimating the Earth's semi-diameter at 4000 miles. From tlio 
renter to the given height, is IH semi-diameters; the square of IHtOr 1.5 Is 2.2&,wbicb, 
multiplied into the weight (40), gives 90 pounds, the answer. 

Suppose a body which weighs 356 pounds upon the surface of the Earth, be raised to 
the distance of the Moon (240,000 miles), what would be its weight ? Thus, 4000)240,000(60 
semi-diameters, the square of which is 8600. As the grwity in this case is decreasing, 
dMife the weight by the square of the distance, and it will give 860U)256(l-16tb of a 
pound, or 1 ounce. 

To find to what height a given weight must be raised to lose a certain portion of its 
weight. 

KuLK.—DMds ths trMffhi at ihe nuitiee by th^ regnired voeighl, and eoatract th€ 
•quare root qf the quoUstU. Ex. A boy weighs 100 pounds, how high must he be carried 
to weigh but 4 pounds f Thus, 100 divided by 4, gives 25, the square root of which is J^ 
semi-diameters, or 20,i)00 miles above the center. 

559. Bodies of equal magnitude do not always contain equal 
quantities of matter ^ a ball of cork, of equal bulk. with oue of 
lead, contains less matter, because it is more porous. The Sun, 
though fourteen hundied thousand times larger than the Earth, 
being much less dense, contains a quantity of matter only 
355,000 as great, and hence can exert an attractive force only 
355,000 times greater than that which the Earth is capable of 
exerting. 

The quantity of matter in the Sun is 780 times greater than that of all the planets and 
r^atellites belonging to the Solar System ; consequtiiitly, their whole united force of attrac- 
Mun is 780 times less upon the Son, than that of the Sun upoc them. 

GKHnB 07 ORAVITT. 




560. The CerUer of Ghavity of a body, is that point in which 
its whole weight is concentrated, and upon which it would rest, 
if freely suspended. If two weights, one of ten pounds, the 
otlier of one pound, be connected together by a rod eleven feet 
long, nicely poised on a center, and then be thrown into a free 
rotary motion, the heaviest will move in a circle with a radius of 
one foot, and the lightest will describe a circle with a radius of 
ten feet ; the center around which they move is their common 
center of gravity. (See the Figure.) 

CO find what height a given weight must be raised to lose a certain portion of its 
weight? 569. Do bodies attract in proi>ortion to their bulk? Why not f What illua* 
trat'onsf <cuantity of matter in the Sun? 560. What is mcHut by the center cf 
'jravifly f Illustration? How with th« Hun And planets ? How would it be if thwv wa* 
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Thus the Sun and planets move around in an imaginary point 
f»8 a center, always preserving an equilibrium. 

If there were bat one body in the nnlversef provided it were of aniform density, th( 
"neuter of it would b« the center of gravity towards which all the surrounding portioni 
would uniformly tend, and they would thereby balance each other. Thus the center of 
gravity, and the body itself, would for ever remain at rest. It wouldmeither move up nor 
down ; there being no other body to draw it in any direction. In this case, the terms up 
aid d&um would have no meaning, except as applied to the body itself, to express tli« 
direction of the surface from the center. 

561. Were the Earth the only body revolving about the Sun^ 
as the Sun's quantity of matter is 855,000 times as great as 
that of the Earth, the Sun would revolve in a circle equal onl;j 
to the three hundred avid Jifty-fivt thousandth part of the Earth's 
distance from it ; but as the planets in their several orbits vary 
their positions, the center of gravity is not always at the same 
distance from the Sun. 

The quantity of matter in the Sun so far exceeds that of all 
the planets together, that were they all on one side of him, he 
would never be more than his own diameter from the common 
center of gravity ; the Sun is, therefore, justly considered as the 
center of the system. 

562. The quantity of matter in the Earth being about 80 
times as great as that of the Moon, their common center of 
gravity is 80 times nearer the former than the latter, which is 
about 3000 miles from the Earth's center. The secondary planets 
are governed by the same laws as their primaries, and both 
together move around a common center of gravity. Eviry sys- 
tem in the universe is supposed to revolve in hke manner, around 
<me camnum center, 

ATTRACTIVE AND PROJECTILE FORCES. 

563. All simple motion is naturally rectilinear ; that is, al) 
bodies put in motion would continue to go forward in straight 
lines, as long as they met with no resistance or diverting force. 
On the other hand, the Sun, from his immense size, would, h)^ 
the power of attraction, draw all the planets to him, if hi8 
attractive force were not counterbalanced by the primitive im- 
pulse of the planetary bodies to move in straight lines. 

564. The attractive power of a body drawing another body 

but one body in the univerfef 561. Suppose the Earth was the only body revolTins 
oronnd the Sun t la the center of gravity always at the same distance from the Sun r 
Why not f How would it be if all the planets were on one side of him? 668. What ia 
tbe amount of matter in the Earth as compared with the Moon ? How with the second- 
ary planets? With other systems in the universe? 563. What is the character of all 
vniple motion T What illu8ftraU<m8 given ? 664 What ia the attractivo power e«Ued? 
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lowArds the center, is denominated Ceniripdal forct ; and the ten- 
dency of a revolving body to fly from the center in a Vangeut 
line, is called the PrcjecHle or Centrifugal forx. The joint 
action of these two central forces gives the planets a circalor 
motion, and retains them in their orbits as they revolve, the pri- 
maries about the Sun, and the secondaries about their primaries. 
565. The elegree of the Sun's attractive power at each par- 
ticular planet, whatever be its distance, is uniformly equal to 
the centrifugal force of the planet. The nearer any plane c is to 
the Sun, the more strongly is^it attracted by him ; the farther 
any planet is from the Sun, the less is it attracted by him ; 
therefore, those planets which are the nearer to the Sun, must 
move the faster in their orbits, in order thereby to acquire cen- 
trifugal forces equal to the power of the Sun's attraction ; and 
those which are the farther from the Sun, must move the slower, 
in order that they may not have too great a degree of centric 
fugal force, for the weaker attraction of the Sun at those 
distances. 

LAWS OF PLANETARY MOTION. 

566 Three very important laws, governing the movements of 
the planets, were discovered by Kepler , a German astronoutor, 
in 1609 In honor of their discoverer, they are called Kepler* i 
Laws. Kepler was a disciple of Tydio Brahe, a noted astrono 
mer of Denmark, and was equally celebrated Airaxiw 

with liis renowned tutor. His residence and ...— ^ 

observatory were at Wirtemburgh, in Ger- 
many. / 

The first of these laws is, that the arlits of / 
aU the platiets are elliptical, having the Sim in 
t/ie common focus. 

The point in a planet's orbit nearest the Son is called the 
periAtUan point, and the point must remote the aphelion point. 
Ferihelion is from peri^ about or near, and heliot^ the Son ; and 
aphMoH^ from apo, from, and A^Mo*, the Son. 
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From this first law of Kepler, it resolts ttiat the planets more with different reloclties, 
in different partii of their orbits. From the aphelion to the perihelion points, the 
centripetal force combines toith the centrifugal to accelerate the planet's motion; 
while from perihelion to aphelion points, the centripetal acts a{j/ainst the centrifugal 
force, and retanU it. 

The tendency to depart from the center? What does the joint action of these two fbrces 
produce f 565. What relation between the Sun's attraction and the ceLtriftjgal fores 
of the planets? What effect has the distance of a planet from the Sou, upon bis attrac- 
tive force? How is this increased tendency counterbalanced? 566. What unportani 
l»ws— when and by whom discovered? State the first? What are the a^^tmott an J 
Tparihelian points? Derivation ? What results from this flmt law ? 
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From A to B In the diagram, the centiiftigal force, 
rojH'eaented bjr the line G, acts with the teadency to 
tevolTe, and the planet's motion is aoceUrated; bat 
from B to A the same force, shown by the line D, acts 
agaiMt the tendency to advance, and the planet is 
rttatrUd. Hence It comes to aphelion with its least 
Telocity, and to perihelion with its greatest. 

In the statement of velocities on page 45, thA meam 
or futerage velocity is given. 

567. The second law is, that the raditu 
vector of a plaivet describes equal areas in 
tqiml times. The radius is an imagiuary 
line joining the center of the Sun and 
the center of the planet, in any part of 
its orbit. Vector is from veho^ to carry ; 
hence the radius vector is a radins carried 
round. By the statement that it describes equal areas in equal 
timeSj \si meant that it sweeps over the same surface in an hour, 
when a planet is near the Suu, and moves swiftly, as^ when 
furthest from the Sun, it moves most slowly. 
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The nearer a planet Is to the Bun, the more rapid its 
motion. It follows, therefore, that if the orbit of a 
planet is an ellipse, with the Son in one of the foci, its 
vate of motion will be unequal in diflferent parts of its 
orbit — swiftest at perihelion, and slowest at aphelion. 
From perihelion to aphelion the centripetal more di- 
rectly counteracts the centrifugal force, and the planet 
is retarded. On the other hand, from the aphelion to 
Uie perihelion point, the centripetal and centrifugal 
forces are united, or act in a similar direction. They 
consequently hasten the planet onward, and its rate of 
motion is constantly acoHfrated. Now suppose, when 
the planet is at a certain point near its perihelion, we 
draw a line from its center to the center of the Sun. 
This line is the radius v^Aor. At the end of one day, 
for instance, after the planet has advanced considera- 
bly in its orbit, we draw another line In the same man- 
ner to the Sun's center, and estimate the area between 
the two lines. At another time, when the planet is near 
its aphelion, we note the space over which the radius vector travels in one day, and esti- 
mate its area. On comparison, it will be found, that notwiUistanding the unequiU 
velocity of the planet, and consequently of the radins vector, at the two ends nf the 
ellipse, the area over which the radius vector has traveled is the same in both cases. 
The same principle obtains in every part of the planetary orbits, whatever may be their 
ellipticity or the mean distance of the planet from the Sun ; hence the rule that tke 
rndiuH vector describes equal areas in equal times. In the preceding cut, the twelve 
triangles, numbered 1, 2, 8, Ac, over each of which th« radius vector sweeps in equal 
times, are equaL 

668. The third law of Kepler is, that the squa/res of the periodic 
timts of any two planets are proportioned to the cubes of their mean 
distances from the Sim. 

■Take, for example, the Earth and Mars, whose periods are 865*2564 and 686*9796 days, 
and whose distances from the Sun are in the proportion of 1 to 1'528<H, and It will be 
found that (865.2564)3 : (686.9796)^ : : (1)S : (1.52869)3. 

567. State the second law of Kepler f fiicplain it? 668. The iMrd 'awf What 
ii)os<ration f 
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Aceordtng to ihese laws, which are known to prevail throaghoat the solar qrotcni. 
oauy of the facts of astronomy are deduced from other facts previously ascertaiood. 
They are, therefore, of great importance, and should be studied Uli they are, at leaet, 
thoroughly understood, if not committed to memory. 

569. From the foregoing principles, it follows, that the force 
of gravity, and the centrifugal force, are mutual opposing powers 
— each continually acting against the other. Thus, the weight 
of bodies on the Earth's equator, is diminished by the centrifugal 
force of her dinrnal rotation, iu the proportion of one pound for 
eyery 290 pounds : that is, had the Earth no motion on her 
axis, all bodies on the equator would weigh one two hntidred and 
nghty^inth part more than they now do. 

On the contrary. If her diomal motion were accelerated, the eentriftigal force would be 
proportionally increased, and the weight of bodies at the equator would be in the same 
ratio diminished. Should the Earth revolve upon its axis with a velocity which would 
make the day but 84 minutes long, instead of 24 hours, the centrifugal force would coun- 
terbalance that of gravity, and ail bodies at the equator would then be absolutely desti- 
tute of weight ; and if the centrifugal force were further augmented (the Earth revolving 
in less than 84 minutes), gravitation would be completely overpowered, and all fluids 
and loose substances near the equator would fly oflT from the surface. 

570. The weight of bodies, either upon the Earth, or on any 
other planet having a motion around its axis, depends jointly 
upon the mass of the planet, and its diurnal velocity. A body 
weighing one pound upon the equator of the Earth, would 
weigh, if removed to the equator of the Sun,* 27.9 lbs.; of Mer' 
cury, 1.03 lbs.; of Venus, 0.98 lbs.; of the Moon, l-6th of a-lb. ; 
of Mars, \ lb. ; of Jupiter, 2.716 lbs. ; of Saturn, 1.01 lbs 



CHAPTER XI. 
PROPER MOTION OF THE SUN IN SPACE. 

571. TnorcH we are accustomed to speak of the Sun as the 
axed center of the Solar System, the idea of his fixedness is cor- 
rect only so far as his relation to the bodies revolving around 
him are concerned. As the planets accompanied by their satel- 
lites revolve around the Sun, so he is found to be moving witli 
all his retinue of worlds, in a vast orbit ^ around some distant and 
unknown center. 

609. What results from these principles, as respects the weight of bodies ou the Bartb*8 
surface? How increased or diminished? What illustrations given? 670. Uprn 
vaai« t)M4i, does the weight of bodies upon the planets depend? What illustrationis ? 
67 i. la tl)e Sun a fixed body? What motion in space? Who flr^t ad \ an ceil thih i.Wa? 
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This opinion was first adyanccd, we think, by Sir William Herschel ; bat the honor of 
actuaily determining this intere^tting fact, belongs to Struve, who ascertained ii«it onl/ 
Jie direcUon of the Sun and Solar System, but also their veloeUy. The point of tend> 
ency is towards the coui>teIlation Hercules, Right Ascension i259*. Declination 85*. The 
velocity of the Sun, &c., in space, is estimated at about 20,UO0 miles per hour, or uearly 
S miles per second ; 

572. With this wonderful fact in view, we may no longer con- 
sider the Sun as hxed and stationary, but rather as a vast and 
luminous plafiet, sustaining the same relation to some central 
orb, that tlie primary planets sustain to him, or that the second- 
aries sustain to their primaries. Kor is it necessary that the 
stupendous mechanism of nature should be restricted even to 
these sublime proportions. The Sun's central body may alsp 
have its orbit, and its center of attraction and motion, and so on, 
till, as Dr. Dick observes, we come to the great c»3ii*^€r ^f all — to 
the Throne op God. 

THE CENTRAL SUN. 

573. In 1847, an article appeared in several European jour- 
nals, announcing the probable discovery by Professor Madler, 
of Dorpat, of the Sun's central orb ; the vndvnation of his orbU 
to the plane of the ecliptic ; and his periodic time ! 

By an extensive and laborious comparison of the quantities 
and directions of the proper motions of the stars in various parts 
of the heavens, combined with indications afforded by the paral- 
laxes hitherto determined, and with the theory of universal gra- 
vitation, Professor Madler arrived at the conclusion that the 
Pleiades form the central group of our whole astral or sidereal 
system, including the Milky Way and all the brighter stars, but 
exclusive of the more distant nebulae, and of the stars of which 
those nebulae may be composed. And within this central group 
itself he has been led to fix on the star Alcyone, as occupying 
exactly or nearly the position of the center of gravity, and as 
entitled to be called the central Sun. 

Assuming Bessers parallax of the star 61 Cygni, long since remarkable for its larger 
proper motion, to be correctly determined, Madler proceeds to form a first approximate 
estimate of the distance of this central body from the planetary or solar system ; and 
arrives at the provisional conclusion, that Alcyone is about 84,000,000 times as far removed 
from us, or from our own Sun, as the latter luminary is trova. us. It would, therefore 
according to this estimation, be at least a million times as distant as the new planet, of 
which the theoretical or deductive discovery has been so great and beautiful a triumpl 
of modern astronomy, and so striking a confirmation of the law of Newton. The 8am( 
approximate determination of distance conducts to the result, that the light of the cen 
tral sun occupies more than five centuries in travelling thence to us. 



Direction and velocity of the Sun and Solar System ? 572. How, then, should wi 
regard the Sun? What further speculation? Dr. Dick's observation? 573. What 
great discovery in 1847, and by whom? By what process? What conclusion first 
reached? What star afterward designated? Further description of the progress of the 
jlsoovery? What conclusion respecting the passage of light from Ihc central Sun to Ui) * 
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574. The eDormous orbit 

wh'mb our own San, with the 
Biirtli, and the other planets, 
is thna ioferred to be deacrib- 
in^ about ihttt distant cen- 
ter — not, indi-ed, under its 
iriflnence alone, but by the 
combined aUraetions of nil 
the atnni which are nearer 
it than we are, and which a 
etitiinated to amoniil to more 
Ibaii 11T,000,000 of massea, 
each equal to the total c 
of our own Solar Systen 
is supposed to require npwards 
of Hghttta miUians of year* for 
its complete description, at the rate of about eight gei^raphical 
miles in every Gecoud of time. At this rate, the arc of its orbit, 
over which the Sun has trareled since the creation of the world, 
amounts to only about ^A^^^ P'^^^ ^^ ^^ orbit, or about T 
minutes — an arc so small, compared with the whole, as to be 
hardly distinguishable from a straight line. 



JuSged I. 
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CHAPTER XIL 

PRECESSION OF THE EQUINOXES— OBUyDITT OF THE 

ECLIPTJO. 

515. Of ail the motions which are going forward in the Solar 

System, there is none, which it is important to notice, more 
difficnlt to comprehend, or to explain, than what is culled the 

PKECESSIUS OF THE EQD1N0IE3. 

The cquinoses, as we have learned, are the two opposite 
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pomts in the Earth's orbit, where it crosses the celestial equator. 
The first is in Aries; the other, in Libra. By the precession of the 
equinoxes is meant, that the intersection of the equator with the 
ecliptic is not always in the same point : — in other words, that 
the Sun, in its apparent annual course, does not cross the equi- 
i.octial, Spring and Autumn, exactly in the same points, but 
every year a little behind those of the preceding year. 

576. This annual falling back of the equinoctial points, is 
called by astronomers, with reference to the motion •)f the 
heavens, the Precession of the Equinoxes; but it would better 
accord with fact as well as the apprehension of the learner, to 
call it, as it is, the Recession of the Equinoxee ; for the eqninoc^ 
tial points do actually recede upon the ecliptic, at the ra^^^e of 
about 50J" of a degree every year. It is the name only and 
not the position, of the equinoxes which remains permanent. 
Wherever the Sun crosses the equinoctial in the springs thf'^e is 
the vernal equinox ; and wherexer he crosses it in the autumn, 
there is the autumnal equinox ; and these points are constantly 
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moving to the west. 

To render this Bultfect familiar, 
we will suppose two carriage roads, 
extending quite around tlie Earth; 
one, representing the equator, run- 
ning due east and west; and the 
other representing the ecliptic, run- 
ning nearly in the same direction as 
the former, yet so as to cross it with 
a small angle (say of 28)$*), both at 
the point where we now stand, for 
instance, and in the nadir, exactly 
opposite ; let there also be another 
road, to represent the prime meri- 
dian, running north and south, and 
cr..^sing the first at right angles, in 
the common point of intersection, as 
In the annexed figure. 

Let a carriage now start from this- 
point of intersection, not in the road 
leading directly east, but along that 
of the ecliptic, which leaves the 
former a little to the north, and let 
a person ^e placed to watch when 
the carriage comes around again, 
after having made the circuit of tlie 
Earth, and see wiiether the carriuge 
will ero.ss tlie equinoctial road again 

precisely In the mme track hs when It left the goal. Though the person stood exactrjp 
m the fonner track, he need not fear being run over, for ihe carnage will cross thd 
road UM> rods west of him, that is 100 rods west of the meridian on which he stood. It 1^ 
to be observed, that 10(» rods on the equator is equal to 5U!4 seconds of a degree. 

If the carriage still continue to go around the Eartii, if will, on completing its lecooj 




rt2 



ASTRONOMY 




otrenit, eroM the equinoctial path 200 rodf west of the meridfan whence it fiist set oi:' 
on the third circoit, 800 rods west ; on the fourth circuit, 400 rods, and so on, continually. 
After 71 H circuits, the point of intersection would be one degree west of its place at tUa 
commencement of the route. At this rate it would be easy to determine how many com- 
plete circuits the carriaffe must perform before this continual falling back of the inter- 
secting point would liave retreated over every degree of the orbit, until it reached agaii 
the point from whence it first departed. The application of this illustration will be muKi 
fest when we consider, further, 

that this interesting phenomenon bkcession of thb xQinKOXEj. 

may be explained iu another 
way by the a<Uoiuing diagram. 
Let the point A repreuent the 
vernal equinox, reached, for in- 
stance, at 12 o'clock on the 20th 
of March. The next year the 
Sun will be in the equinoctial 22 
minutes 83 seconds earlier, at 
which time the Earth will be 
60)4' on the ecliptic, bael^of the 
point at which the Sun was in 
the equinoctial the year before. 
The next year the same will oc- 
cur again; and thus the equi- 
noctial point will recede weet- 
ward little by little, as shown by 
th. small lines from A to B, and 
from C to D. It is in reference 
to the stars going forward, or 
seeming to preoede the equi- 
noxes, Chat the phenomenon is 
called the Precession of the Equi- 
noxes. But in reference to the 
motion of the equinoxes them- 
bclves, It is rather a recession, 

577. The Sun revolves from one equinox to the same equinox 
again, in 365(i. 5h. 48' 47" 81. This constitutes the natural, or 
tropical year, because, in this period, one revolution of the sea- 
sons is exactly completed. But it is, meanwhile, to be borne in 
mind, that the equinox itself, during this period, has not kept 
its position among the stars, but has deserted its place, and 
faUin hack a little way to meet the Sun ; whereby the Sun has 
arrived at the equinox before he has arrived at the same position 
among the stars from which he departed the year before ; and, 
copsequently, must perform as much more than barely a tropical 
revolution, to reach that point again. 

To pass over this interval, which completes the Sun^s sidereal 
revolution^ takes (20' 22".94) about 22 minutes and 23 seconds 
longer. By adding 22 minutes and 23 seconds to the time of a 
tropical revolution, we obtain 365d. 6h. 9m. lOfs. for the length 
of a sidereal revolution ; or the time in which the Sun revolves 
from one fixed star to the same star again. 

Though we speak of the revolution of the Sun, we mean simply his apparent revolution 
eastward around the heavens, caused wholly by the actual revolution of the Earth iu her 

actually revolve? Why, then, speak of his revolution? fi77. What Is the length of a 
tropical year? Bow different from a sidereal year? Difference ofUmef Length of a 
iiiderealyear? 
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orbit, M a distant oliject would appear to sweep around the horison if we were walking 
or sailing around it. This may be illustrated by the cut, page 286. where the passage 
of tlie Earth from A to B would cause the Sun to appear to move from C to D ; and so on 
around the whole circle of the Zodiac. 

578. As the Sun describes the whole ecliptic, or 360°, in a 
tro|ncal year, he moves over 59' 8 J" of a degree every day, at a 
mean rate, which is equal to 50^" of a degree iu 20 miuutes and 
23 seconds of time ; consequently he will arrive at the same 
equinOA or solstice when he is 50^" of a degree short of tke same 
star or fixed point iu the heavens, from which he set out tiie 
year before. So that, with respect to the fixed stars, the Sun 
and equinoctial points fall back, as it were, 1° in 7 If years. 
This will make the stars afpear to havt gone forward 1°, with 
respect to the signs in the ecliptic, in that time ; for it must be 
observed, that the same signs always keejp in the, same points of the 
edipti€j without regard to the place of the constellations. Hence it 
becomes necessary to have new plates engraved for celestial 
globes and maps, at least once in 50 years, in order to exhibit 
truly the altered position of the stars. At the present rate of 
motion, the recession of the equinoxes, as it should be called, or 
the precession of the stars, amounts to 30°, or one whole sign, iu 
2140 years. 

PBMHaOH or THB STABS. 




To explain this by a figure : Suppose the Sun to have been in conjunction with a fixuu 
star at S, in the first degree of Taurus (the second sign of the ecliptic), 840 years before 
the birth of our S^iviour, or about the seventeenth year of Alexander the Great ; then 
having made 2140 revolutions through the elliptic, he would be found again at the end ol 
so many sidereal years at 8 ; but at the end of so many Julian years^ he would be found 
at J, and at the end of so many tropical years, which would bring it down to the begin- 
ning of the present century, he would be found at T, in the first degree of Aries, which 



57S. Daily progress of the Sun ? What is the amount of the annual recession of the 
equinoxes? What effect will this have upon the apparent positions of the stars? Hence 
Whav becomes necessary? How long does it require for tlie equinoxes to recede a wlolo 
r/f • Do you understand the diagram, and the reference to the sidereal, Juii<in, and 
T' 'X leal years? Explain the difference in the«:e three kinds nf yearn. 
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___ _ StoTtn tbftt time by the preecwion of the eqainectial points Aries nnU 

lAia. The are 8 T would be equU to the amount of the precession (>l>r precettnon W9 
mvt Kill emll It) of the equinox in 2140 yean, at the rate of 50' .28672 of a degree, or tO 
mhutm and 88 seeoiida of time annually, aa above stated. 

579. From the coDstant retrogradation of the equinoctial 
points, and with them of all the signs of the ecliptic, ii follows 
that the UmgitwU of the stars must coniimially irfcrease. The same 
cause affects also their righi ascension aiid declinatityn. Hence, 
those stars which, in the infancy of astronomy, were in the sign 
Aries, we now find in Taurus ; and those which were in Taums, 
we DOW find in Geiititt, and so on. Hence likewise it is, that 
the star which rose or set at any particalar time of the year, io 
the time of Hesiod, Eadoxos, Yirgii, Pliny, aod others, by uo 
means answers at this time to their descriptions. 

Heaiod, in his Opera et JMeM, lib. iL Terse 1S5, says: 

** When f^mn the solstice sixty wintry days 
Their turns have ftnithed, mark, with giitt'Hog rays. 
From Ocean'te sacred flood, Arcturua rise. 
Then first to gild the duslcy eTenlng skies." 

Hut Arctnms now rises acronicany in latitude 87* 45' N. the latitude of Hesioil, nnO 
nearly that of Riehmond, in Virginia, about 100 days after the winter solstice. Suppo» 
mg Hesiod to be correct, there is a difference of 40 days arising from the precession of 
the equinoxes since the days of Hesiod. Now, as there is no record extant of the exact 
periud of the world when this poet flourished, let us see to what result astronomy wiU 
lead us. 

As the Sun moves through about 88* of the eeUptic in 40 days, the winter solstice, in 
the time of Hesiod, was in the 9th degree ci Aquarius. Now, estimating the precession 
of the equinoxes at 501i' in a year, we shall have &U14' : 1 year : : 89 : 2814 years since the 
time of Ucsiod : if we subtract from this our present era, 188&, it will give 96S years before 
Christ. Lempriere, in his ClaMicsl Dictionary, says Hesiod lived 907 years before Christ. 
See a similar cairwlation for the time of Thales, page 88. 

580. The retrograde movement of the eqainoxes, and the 
annual extent of it, were determined by comparing the longitude 
of the same stars, at different intervals of time. The most car& 
ful and unwearied attention was requisite iu wder to determine 
the cause and extent of this motion — a motion so very slow as 
scarcely to be perceived in an age, and occupying not less than 
25,000 years in a single revolution. It has not yet completed 
one quarter of its first drcuit in the heavens since the creation 
of Mars. 

581. This observation has not only determined the absolute 
motion of the equinoctial points, but measured its limit ; it has 
also shown that this motion, like the causes which produce it, is 
not uniform in itself ; but that it is constantly accelerated by a 

07V. What effect has the recession of the equinoxes upon the longitude of the stars, and 
their right ascension and declinatiwii? Ueiice wliat results? What interesting calcu* 
lation in reference to Hesiod ? 580. How were this recession and its extent determined? 
What necessary? Time of complete revolution? Amount since creation? 661. If 
this retrogression uniform? Amount of acceleration ? \lliat illustration given f 
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slow arithmetical increase of 1" of a degree in 4100 years. A 
quantity which, though totally inappreciable for short periods of 
rime, becomes sensible after a lapse of ages. 

For ex«)mple: The retro^adation of the equinoctial points is now freater bj nearlj 3i* 
ihan it was in the time of UipptirvhuM^ the first who observed this motion ; consequently, 
(he mean tropical year is ifiorter now bj about 18 seconds than it was then. For, since 
the retrogradation of the equinoxes is now every year greater than it was then, the Sun 
has, each year, a space of nearly H' Um to p<Ui» through in the ecliptic, in order to reacl; 
the plane of the equator. Now the Sun is 12 seconds of tiaiu in passing over 36' of 9pace 

582. At present, the equinoctial points move backwards, or 
from east to west along the path of the ecliptic at the rate of 1° 
in 7l| years, or one whole sign in 2140 years. Continuing at 
this rate, they will fall back through the whole of the 12 signs 
of the ecliptic in 25,680 years, and thus return to the same posir 
tion among the stars, as in the beginning. 

But in determining the period of a complete revolution of the 
equinoctial points, it must be borne in mind that the motion itself 
is c&iUinualiy increasing; so that the last quarter of the revolu- 
tion is accomplished several hundred years sooner than the first 
quarter. Making due allowance for this accelerated progress, 
the revolution of the equinoxes is completed in 25,000 years ; 
or, more exactly, in 24,992 years. 

Were the motion of the eqainoetial points uniform ; that Is, did they pass through 
equal portions of the ecliptic in equal tiroes, they would accomplish their first quarter, or 
pass through the JlrH three tiffns of the ecliptic. In 6250 years. But they are 6575 years 
in passing through the first quarter ; about 218 years leM in passing through the second 
quarter; 218 less in passing through the third, and so on. 

583. The immediate consequence of the precession of the equi- 
noxes, as we have already observed, is a coftiimudly progressii^e 
increase of Umgitiuie in all the heavenly bodies. For the vernal 
equinox being the initial point of longitude, as well as <^' right 
ascension, a retreat of this point on the ecliptic tells upon the 
longitude of all alike, whether at rest or in motion, and pro- 
duc<^s, so far as its amount extends, the appearance of a motion 
m longitude common to them all, as if the whole heavens had a 
slow rotation around the poles of the ecliptic in the long period 
above mentioned, similar to what they have in every twenty-four 
hours around the poles of the equinoctial. As the Sun loses one 
day in the year on the stars, by his direct motion in longitude ; 
so the equinox gains one day on them in 25,000 years, by its 
relrcgrade motion. 

582 Present rate of motion ? Exact period at w»'.s rate? Period making allowance 

for acceleration? Titne of passing over the first quarter of the ecliptic? The second f 

Third? 588. What immediate consequences of the precession of the equinoxes? 

Why docs it a(T«- the longitude of the stars? What resemblance between the motion o/ 

r(ic cel<:Httal ■^ptiet luU tXx.ii of the Rurth ? Between the Sun and equinoxeH? 

V2* 
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684. Thr c&oae of this motion was uuknowu, antil Aewton 
proved that it was a D^ceasar; coQsequcDce of the rotLktiou of 
liie Eurtli, i^nmbined with its elliptical figure, and the uiieqaai 
attraction of the Sud and Mood od its polar and equatorial 
regious. Tliere Iveing more matter about the Earth's equator 
than at tiic poles, tLe former is more strong); attracted than 
the latter, which causes a slight gyratory or wabbling motion of 
the jioles of the Earth around those of the ecliptic, like the pin 
of a top about its center of motion, when it §pins a little 
ibliqaely to the base, 

585. The precession of the eqainoxes, thns explained, consists 
in a real motiou of the pole of the heavens among the stars, in a 
small circle aronnd the polo of the ecliptic as a center, keeping 
constantly at its present distance of nearly 23^° from it, in a 
direction from east to west, and with a progress so very slow, 
as to require 25,000 years to complete the circle. During this 
revolution, it is evident that the pole will point successively to 
every part of the small circle in the heavens which it thus 
describes. Nbw this cannot happen without producing corre. 
sponding changes in the apparent dinrnal motion of the spliere, 
and in the aspect which the heavens must present at remote 
periods of time. 

Let the Ud* a a En thB ILgan n- 



6B6. The effect of such 
a motion on the aspect of 
the heavens, is seen in the 
appi.rent approach of some 
stars and constellations to 
the celestial pole, and the 
recession of others. The ^ 

brii^nt star of the Lesser 

Bear, which we call the poU star, has not always been, nor will 
always continue to be, our polar star. At the time of the con- 
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Btractiou of the earliest catalogue, this star was 12® from the 
pole ; it is now only 1° 34' from it, and it will approach to 
within half a degree of it ; after which it will again recede, and 
slowly give place to others, which will succeed it in its proximity 
to the pole. i 

The pol^y as abore considered, ia to be onderstoodf merely, as the WLnMUng point o! 
the Enrth's axis ; or that point in the concave sphere which is alway opposite tii: 
terrestial pole, and which consequently must move as that moves. 

587. The precession of the stars in respect to the equinoxes* 
is less apparent the greater their distance from the ecliptic ; for 
whereas a star in the zodiac will appear to sweep the whole 
circumference of the heavens in an equinoctial year, a star situ- 
ated within the polar circle will describe only a very small circle 
in that period, and by so much the less, as it approaches the 
pole. The north pole of the Earth being elevated 23° 27^' 
towards the tropic of Cancer, the circumpolar stars will be suc- 
cessively at the least distance from it, when their longitude ip 
3 signs or 90°. 

588. The position of the north polar star in 1855, was in the 
17° of Taurus; when it arrives at the first degree of Cancer, 
which it will do in about 250 years, it will be at its nearest 
possible approach to the pole — ^namely, 29' 55". About 2900 
years before the commencement of the Christian era. Alpha Dror 
co7i,iSf the third star of the Dragon's tail, was in the first degree 
of Cancer, and only 10' from the pole ; consequently it was then 
the pole star. After the lapse of 11,600 years the st&r Lyra, 
the brightest in the northern hemisphere, will occupy the position 
of a pole star, being then about 5 degrees from the pole ; 
whereas now its north polar distance is upward of 51°. 

The mean average precession from the creation (4004 B. G.) to the year 1800, is 
49*.51455; consequently the equinoctial points have receded since the creation, 8i>. 14* 8' 
27'. The longitude of the star Betit ArUtiSy was in 1820, 81* 27' 28' : Uston, a famous 
mathematician of Athens, who flourished 480 years before Christ, says, this star, in his 
time, WHS in the vernal equinox. If he is correct, then 81* 27' 28', divided by 2250 years, 
the elapsed time, will give 50 H' for the precession. Something, however, must be 
allowed for the imperfection of the instruments used at that day, and even untd the six- 
teenth century. 

589. Since all the stars complete half a revolution about the 
axis of the ecliptic iQ about 12,500 years, if the North Star be 
at its nearest approach to the pole 250 years hence, it ^vill, 

What, then, is the real pole of the lieavens f 587. Where is the precesfion of the stars 
most apparent? Where least? When are the circumpolar stars nearest the tropic oi 
Cancer, and why? 588. Where was the pole star in lS65f When will it be nearesJ 
the true pole? How near then? What said of Alpha J)raconi»f Of Lyrat Mean 
nverage recession for 5800 years? Amount ^ Iiongitude of A-^rt ^r*#<fx in 1820? n©. 
fore Christ 430 years, where ? Average of precession for these 2250 years ? 589. Whaf 
hi'tlier result of th*? revolution of the pole of the heavens? What ttr.:ct? Where, then. 
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12,500 years afterwards, be at its greatest possible distance 
rro'ra it, or about 47° above it :— That is, tlie star itself will 
remain immovable in its present position, but the pole of the 
Earth will (Act point as much bdoio the pole of the ecliptic, as 
«r,w it points above. This will have ths effect, a'ppnrerUly, of 
ulfTatinft the present polar star to twice its present altitude, or 
47". Wherefore, at the expiration of hnlf the equinoctial year 
that point of the hearens whiih is now 1° 18' north of the zenith 
of Hartford, will be the place of the uorth pole, and ail those 
plates which are situated 1° 18' north of Hartfori, will then 
have the present pole of the heavens in their zenith. 

OBLIQUITY OF THE ECLIPTIC. 

590. The inclination of the Earth's axis to the olane of the 
ecliptic canses the equinoctial to depart 23° 38' from the eclip- 
tic. This angle made by the equinoctial and the ecliptic is 
called the Obliquity of tht Ediptk. 



c'coDiUtaU Ui> thUqiMii 
ef At mUptte. 

591. Hitherto, we 
have considered these 
great primary circles 

in the heavens, . as never varying' their position in space, nor wilh 
respect to each other. But it is a remarkable and well-ascer- 
tained fact, that both are in a state of constant change. Wo 
have seen that the plane of the Earth's equator is constantly 
drawn ont of place by the unequal attraclion of the Sun and 
Moon acting in different directions npon the unequal masses rf 
matter at the equator and the poles ; whereby the intersection 
of the equator with the ecliptic is constantly retrograding — thns 
producbg the prtttision of tht equinoxa. 
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692. The displacement of the ediptic^ on the contrary, is pro- 
duced chiedy by the action of the planets, particularly of Jupi- 
ter and Venus, on the Earth ; by virtue of which the plane of 
the Earth's orbit is drawn nearer to those of these two planets, 
and consequently, nearer to the plane of the equinoctial. The 
tendency of this attraction of the planets, therefore, is to dimi' 
nish the angle which the plane of the equator makes with that 
of the ecliptic, bringing the two planes nearer together ; and if 
the Earth had no motion of rotation, it would, in time, cause 
the two planes to coincide. But in consequence of the rotary 
raotioa of the Earth, the inclination of these planes to each other 
remains very nearly the same ; its annual diminution being scarcely 
more than three-fourths of one second of a degree. 

The Obliquity of the ecliptic, at the comoiencement of the present century was, accord- 
ing to BiiUy, 23" 27' 56}$', subject to a yearly diminution of 0'.4755. According to Ben- 
§el, it was )c8° 27' M'.S2, with an annual diminution of 0'.46. At this date (1855), it is only 
about 28* 27' 29'. Consequently, the angle is diminished about 27' in 55 years. This 
iiminution, however, is subject to a slight semi-annual variation, from the same causes 
Trhich produce the displacement of the plane of the ecliptic, in precession. 

693. The attraction of the Sun and Moon, also, unites with 
that of the planets, at certain seasons, to augment the diminu- 
tion of the obliquity, and at other times, to lessen it. On this 
account the obliquity itself is subject to a periodical variation ; 
for the attractive power of the Moon, which tends to produce a 
change in the obliquity of the ecliptic, is variable, while the diur- 
nal motion of the Earth, which tends to prevent the change from 
taking place, is constant. Hence the Earth, which is so nicely 
poised on her center, bows a little to the influence of the Moon, 
and rises again, alternately, like the gentle oscillations of a 
balance. This curious phenomenon is called Nutation (589). 

In consequence of the yearly diminution of the obliquity of the ecliptic, the tropics ar*; 
slowly and steadily approaching the equinoctial, at the rate of little more than thre^*- 
fourths of a second every year ; so that the Sun does not now come so far north of the 
equator in summer, nor decline so far south in winter, by nearly a degree, as it must 
have done at the Creation. 

694. The most obvious eflfect of this diminution of the obli- 
quity of the ecliptic, is to equalize the length of our days and 
nights ; but it has an effect also to change the position of the 
stars near the tropics. Those which were formerly situated 
north of the ecliptic, near the summer solstice, are now found to 
be still farther north, and farther from the plane of the ecliptic. 
On the contrary, those which, according to the testimony of the 

" 1 ■ I ■ I ■ ■■ I ■» ■■ I ■■»■■■ 1.^ — ^"■^■^^^^^^^^■■'"-"^■^^^■•^*^" ■ ■ - III p^^.^ — ■■■■■■ ■ p ill —■ ■■ .. 

592. What displacement of the ecliptic, and by what caused f Effect of these causes? 
Amount of change annually ? Obliquity of the ecliptic in 18U0 ? In 1 S55 f 598. Diminution 
in 55 years? Vfhsiils Nutation f Its catuef What effect flrom this annual dhninu- 
tk>n of obliquity r 594. What other effect ? Will this diminution continue? Wh»* 
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ancient astronomers, were situated south of the ecliptic, near the 
summer solstice, have approached this plane, insomuch that some 
are now either situated within it, or just on the north side of it. 
Similar changes have taken place with respect to those stars 
situated near the winter solstice. ' All the stars, indeed, partici- 
pated more or less in this motion, but less, in proportion to their 
proximity to the equinoctial. 

It Is important, however, to ibserve, that this diminution will not always continue. A 
time will arrive when this motion, growing less and less, will at length entirely cease, 
and tlie obliquity will, apparently, remain constant for a time ; after which it will gra- 
dually increase again, and continue to diverge by the same yearly incremen*. as it before 
had diminished. This alternate decrease and increase will constitute an endless oscilla- 
tion, comprehended between certain fixed limits. Theory has not yet enabled us to 
determine precisely what these limits are, but it may be demonstrated from the constitu- 
tion of our globe, that such limits exist, and that they are very restricted, probably not 
exceeding 2* 42'. If we consider the effect of this ever-varying attribute in the system 
of the universe^ it may be affirmed that the plane of the ecliptic never has coincided 
with the plan« of the equator, and never will coincide with it. 'Such a coincidence, 
could it happen, would produce upon the Earth perpetual spring. 

595. The method used by astronomers to determine the 
obliquity of the ecliptic is, to take half the diflference of the 
greatest and least meridian altitudes of the Sun. 

The following table exhibits the mean obliquity of the eclii>Uc for every ten years 
during the present century. 
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CHAPTER XIII. 

PHILOSOPHY OF THE TIDES. 

596. Tides are the alternate rising and falling of the waters 
of the ocean, at regular intervals. Flood tide is when the waters 
are risiiig ; and ebb tide, when they are faUliig. The highest 
and lowest points to which they go are called, respectively, high 
and low tides. The tides ebb and flow twice every twenty-four 
hours — i. e., we have two flood and two ebb tides in that time. 

3yclc of oscillation r Its probable limits? What conclusion fro 31 this oscillation of th« 
»cliptic? 695. By what method do astronomers determine the obliquity of the ecliptic? 
696. What are tides? Flood and ebb tides? High and low? How often do »iiey ebb 
and flow f 
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597. The tides are uot uniform, either as to time or amount. 
They occur about 50 minutes later every day (as we shaH 
explain hereafter), and sometimes rise much higher and sink 
much lower than the average. These extraordinary high and 
low tides are called, respectively, spring and neap tides. 

598. The cause of the tides is the attraction of the Sun and 
Moon upon the water of the ocean. But for this foreign influ- 
ence, as we may call it, the waters having found their proper 
level, would cease to heave and swell, as they now 
do, from ocean to ocean, and would remain calm 
and undisturbed, save by their own inhabitants and 
the winds of heaven, from age to age. 

In this figure, the Earth is represented as surrounded by vater, in a 
state of rest or equilibrium, as It would be were it not acted upon by 
the Sun and Moon. 

599. To most minds, it would seem that the natural effect ot 
the Moon^s attraction would be to produce a single tide-wave 
on the side of the Earth toward the Moon. It is easy, there- 
fore, for students to conceive how the Moon can produce one 
flood and one ebb tide in twenty four hours. 




In this cut, the Moon is shown at a distance above the Earth, and osm 
attracting the waters of the ocean, so as to produce a high tide at A. 
But as the moon malces her apparent westward revolution around the 
Earth but once a day, the simple rising of a flood tide on the side of the 
Earth toward tbe moon, would give give us but one flood and one ebb 
tide in twenty-four hours ; whereas it is known that we have two of . 
each. 

" The tides," says Dr. Herschel, " are a subject on which many per- 
sons find a strange difficulty of conception. That the Moon by her 
attraction, should heap up the waters of the ocean under her, seems to 
many persons very natural. That the same cause should, at the same 
time, heap them up on the opposite side of the Earth (viz., at B in the 
figure), seems to many palpably absurd. Yet nothing is more true." 



TIDB-WAVH 




600. Instead of a single tide-wave upon the waters 
of the globe, directly under the Moon, it is found 
that on the side of the Earth directly opposite, 
there is another high tide ; and that half-way 
between these two high tides are two low tides. 
These four tides, viz., two high and two low, 
traverse the ocean from east to west every day, 
which accounts for both a flood and an ebb tide 
every twelve hours. 



TWO TU)B-WAVK.<<. 



Dm 




597 Are the tides uniform? What variation of time? As to amonnt? What art* 
tliese extraordinary high and low tides called? 69S. The catiae of tides? How but 
for this influence f &99. What most obvious effect of tlie Moon's attraction ? Substance 
7f note? Remark of Br. Uerschel? 600. How many tide-waves are there on tlic 
globe, and how situated ? 
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In this cot, we bare a representatioa of the tide-vives ns they actually exist, exocs*t 
that their height, as compared with the magnitude uf tliu Earth, is vastly too great 
It is dcRignedly exaggerated, the better to illuBtrate the principle under consideratioiu 
Wliiie the Mouu at A attracts the waters of the ocean, and produces a high tide at B, 
we tee another high tide at G on tlie opi>osite side of the globe. At the same time it is 
low tide at D and EL 

601. The principal cause of the tide-wave on the side of the 
Earth opposite the Moon is the difference of the Moon^s attrac- 
tion on different sides of the Earth. 

If the student well understands the subject of gravitation, he will easily perceive 
how a difference of attraction, as above described, would tend to produce an elongation 
of the huge drop of water called the Earth. The diameter of tlie Earth amounts to about 
-L.th of the Moon*s distance ; so that, hj the rule (d5S), the difference in her attraction 
on the side of the Earth toward her, and the opposite side, would be about y^tlu . The 
attraction being stronger at B (in the last cut) than at the Earth's center, and. stronger 
at her center than at C, would tend to teparate these three portions of the globe, giving 
the waters an elongated form, and producing two opposite tide-waves, as shown in 
the cut. 

602. A secondary cause of the tide-wave on the side of the 
Earth opposite the Moon, is the revolution of tiie p]arth around 
the common center of gravity between the Earth and Moon, 
thereby generating an increased centrifugal force on that side 
of the Earth. 

The center of gravity between the Earth and Moon is the point where they would 
exactly balance each other, if connected by a rod, and poised upon a fUlcrum. 

cams OF GXAViTT lurrwBKir tbi sjlbtm akd mooh. 

SSoon. 




This point which, according to Ferguson, Is about 6000 miles troia the Earth's center 
la represented at A in the above, and also in the next cut. 

BIOOXBAXT CAUU OW HIGH TIUX OPFOSm THE MOO*. 
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The point A represents the center of gravity between the Earth and Moon ; and as it 
Ij tnis point which traces the regular curve of the Earth's orbit, it is represented in the 
arc of that orbit, while the Earth's center is 6000 miles one side of it. Now, the law of 
gravitation requires that while both the Moon and Earth revolve around the Sun, they 
should also revolve around the contmon center of gravity between them, or around the 
point A. This would give the Earth a UiO'd revolution^ in addition to that around thf 

601. State the principal cause of the wave opposite the Moon? Bemon^trate by dia- 
gram. 602. What other cause operates with the one Just stated to proc \ce the tide- 
^ave opposite the Moon? What is the center of gravity between the Earth and tbc 

->oQ r Where is it sitMated ? tllnstrate the operaUon of this secondary cause. 
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Bon and on her axis. The small circles show her path around the center of grayitj^ «tnd 
the arrows her direction. 

This motion of tlie Earth would slightly increase the centrifugal tendency at B, and 
thas help to raise the tide-wave opposite the Moon. But as this motion is slow, corre- 
Bponding with the revolution of the Moon around the Earth, the centrifugal force could 
not be greatly augmented by such a cause. 

603. As the Moon, which is the principal cause of the tides, 
is revolving eastward, and comes to the meridian later and later 
every night, so the tides are about 50 minutes later each success- 
ive day. This makes the interval between two successive high 
tides 12 hours and 25 minutes. Besides „ _ , 

>,.,.,, . .^1 ^1 -»* ^1 TU>1-WAVIB BBHIND THK MOON. 

this daily laggmg with the Moon, the ^>. 

highest point of the tide-wave is found ,..- — ^y "'"-^^ 

to }ye about 46® behind, or east of the y'y^ \ \ 

Moon, so that high tide does not ,/ ^ 

occur till about ^three hours after the 
Moon has crossed the meridian. The 
waters do not at once yield to the im- 
pulse of the Moon's attraction, but 
continue to rise after she has passed 
over. 

In the cut, the Moon is on the meridian, but the highest point of the wave Is at A, '* 
45* east of the meridian ; and the corresponding wave on the opposite side at B is equally 
behind. 

604. The time and character of the tides are also affected by 
winds, and by the situq.tion of different places. Strong winds 
may either retard or hasten the tides, or may increase or diminish 
their height ; and if a place is situated on a large bay, with but 
a narrow opening into the sea, the tide will be longer in rising. 
as the bay has to fill up through a narrow gate. Hence it is 
not usually high tide at New York till eight or nine hours after 
the Moon has passed the meridian. 

605. As both the Sun and Moon are concerned in the produc- 
tion of tides, and yet are constantly changing their positions 
with respect to the eiarth and to each other, it follows that they 
sometimes act against each other ^ and measurably neutralize each 
other's influence ; while at other times they cmnbine their forces, 
and mutually assist each other. In the latter case, an unusually 
high tide occurs, called the Spring Tide. This happens both at 
new and full Moon. 




(U)8. What daily lagging of the tides? Interval between two successive high tides? 
Whac other lagging? Cause of this last? 604. What modification of the time and 
character of the tides? 605. Do the Sun and Moon always act together in attracting 
the waters* Why not? How afft-ct each other's influence ? Effect on the tides ? What 
cjre Spring Tid^ t When do they occur ? Illustrate by diagram the cause of spring 
tildes, when ''he Sun and Moon are in conjunction. 
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Here tlie Son and Uooo, being in eoi\]unction, unite their forces to prodaoe an estra« 
(frdinarj tide. The same effect followB when they are In opposition ; so that ire hare 
Cvo spring tides every month — namely, at new and full Moon. 

If the ade-wares at A and B are one-third high^ at the Moon's qnadrature than asaiU, 
(faose of O and D will be one-third lower than usual. 

606. When the Moon is in quadrature, and her influence is 
partly nentralized by the Sun, which now acts against her, the 
result is a very low tide, called Neap Tide, 

spanro ahd «ba,p tomb. 

The whole philosophy of spring and 
neap tides may be illustrated by the an- 
nexed diugram. 

Ou the right side of the cut, the Sun 
and Moon are in oonjuncUan^ and unite 
to produce a spring tide. 

At the first quarter, their attraction 
acts at right angles, and the Sun, instead 
of contributing to the lunar tide-waves, 
detracts firom it to the amount of his 
own attractive force. The tendency to 
form a tide of his own, as represented in 
the figure, reduces the Moon's wave to 
the amount of one-third. 

At the full Moon, she Is in oppoiMi4>7i 
to the Sun, and their Joint attraction 
acting again in the same line, tends to 
elongate the fluid portion of the Earth, 
and a second apritig tide is produced. 

Finally, at the third quarter, the Suu 
and &foon act against each other again, 
and the second neap tide is the result. 
Thus we have two spring and two neap 
tides during every lunation— the former 
at the Moon's cyzygies, and the latter at her quadratures. 

607. Although the Sun attracts the Earth much more power 
r'uliy, as a whole, than the Moon does, still the Moon contributes 
more than the Siiu to the production of tides. Their relative 
influence is as one to three. The nearness of the Moou makes 
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6(»6. What are Jfeap Tidcaf Their cause ? Dlustrate entire philosophy by diagrram. 
GOT. Comparative influence of Sun and Moon in the production of tides? Why Moon*- 
in.'tuence the greatest? Substance of n' te ? Demonstration ? 
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the differenet of her attraction on different sides of the Earth 
much greater than the difference of the Sun's attraction on dif- 
ferent sides 

It mast hot be forgotten that the tides are the result not so much of the attraction of 
the Sun and Moon, as a wholly as of the dij^erence in their attraction on different sides 
of the Earth, caused by a difference in tiie distances of the several parts. The attrac- 
tion being inversely as the square of the distance (•'iSS), the influence of the Sun and 
Moon, respectively, must be in the ratio of the Earth's diameter to their distances. Now 

the difference in the distance of two sides of the Earth firom the Moon is T^oth of the 
Br<K>n*s distance ; as 240,000-1-8,000=80; while the difference, as compared with the dis« 
iance of the San, is only TTtT7^* '^ 95,000,000-1-8,000=11,875. 

608. The tides are subject to another periodic variation, 
caused bj the declination of the Sun and 
Moon north and south of the equator. 
As the tendency of the tide- wave is to 
rise directly under the Sun and Moon, 
when they are in the south, a^ in winter, 
or in the north, as in summer, every 
alternate tide is higher than the mterme- 
diate one. 
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At the time of the equinoxes, the Sun being over the 
equator, and the Moon within 63^* of it, the crest of the 
great tide-wave will be on the equator ; but as the Sun 
and Moon decline soath to A, one tide-wave forms in the 
south, as at B, and the opposite one In the north, as at 
C. If the declination was norths as shown at D, the order of the tides woald be reversed. 
The following diagram, if carefully studied, will more fiilly illustrate the subject of the 
alternate high and low tides, in high latitudes, in winter and summer : 

ALTBRHATI HIGH AMD LOW TIDB. 
B 

.O 





Let the line A A represent the plane of the ecliptic^ and B B the equinoctial. On the 
21st of June, the day tide- wave is north, ami the evening wave south, so that the tide 
following about three hours after the Sun and Moon, will be higher than the intermediate 
one at 8 o'clock in the morning. 

On the 88d of December, the Sun and Moon being over the southern tropic, the 
hisrhest wave in the southern hemisphere will be about 8 o'clock P. M , and the lowest 
about 8 o'clock A.M.; while at the north, this order will be reversed. It Is on this 
account that in high latitudes every alternate tide is higher than the intermediate ones; 
the evening tides in summer exceeding the morning tides, and the morning tides In win- 
ter exceeding those of evening. 

609. All spring and neap tides are not alike as to their eleva 
tion and depression. As the distances of the Sun and Moon arc 



608. What other periodic variations mentioned? Explain cause, and illustratew 
G4it«. Are all spring and neap xi'^s alike? By what are they modified? Illustrate ty 
iiHgram 
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raried, so are the tides varied, especially bj the yariatioits of 
the Moon. 



TAXIATX0H8 Of THS bPRHTO TIDKS. 





(^ 



i 

10 







\ 

At A, the Earth is in apheUoUy and the Moon In apogee. As both the Sun and Moon 
are at their greatest distances, the Earth is least affected by their attraction, at.d the 
spring tides are proportionately low. 

A^ B, the Earth is in perihelion, and the Moon in perigee; so that both the Sun and 
Moon exert their greatest Influence upon our globe, and the spring tides are highest, as 
fchown in the figure. In both cases, the Sun and Moon are in conjunction, but the Taria- 
tion in the du/Umee» of the Sun and Moon causes variations in the spring tides. 

610. In the open ocean, especially the Pacific, the tide rises 
and falls but a few feet ; but when pressed into narrow bays 
or channels, it rises much higher than under ordinary cir 
eumstances. 

The average elevation of the tide at several points on our coast is as follows : 

Cumberland, head of the Bay of Fundy 71 feet. 

Boston 11 Ji *• 

New Haven 8 " 

New York 5 *» 

Charleston, 8. 6 " 

611. As the great tide- waves proceed from east to west, they 
are arrested by the continents, so that the waters are per- 
manently higher on their east than on their west sides. The 
Gulf of Mexico is 20 feet higher than the Pacific Ocean, on the 
other side of the Isthmus ; and the Red Sea is 30 feet higher 
than the Meditcrraneai^ Inland seas and lakes have no per- 
ceptible tides, because they are too small, compared with the 
whole surface of the globe, to be sensibly affected by the attrac- 
tion of the Sun and Moon. 

ATMOSPHERICAL TIDES. 

612. Air being lighter than water, and the surface of the 
atmosphere being nearer to the Moon than the surface o' the 
sea, it cannot be doubted but that the Moon raises much hi^jner 



GIO. Height of tides in open seas? How in narrow bays and channels? Heijrht at dif- 
ferent points on our coast ? 611. Direction of tide- waves? What result? Instances 
cited? Have inland seas and lakes any tides? Why not? Remarks respecting pbl* 
losophy of tides ? AI 2 Atmospheric tides Y 
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tides in the atmosphere than in the sea. According to Sir 
John Herschel these tides are, by verj delicate observations, 
rendered not only sensible, bat measurable. 

Upon the supposition that there is water on the ntrfiiee of the Moon of the same 
Bpeci6c gravity as our own, we might easOy determine the height to which the fcarth 
would raise a lunar tide, by the known principle, that the attraction of one of these 
bodies on the other's surface is directly as its quantity of matter, and inveriiely as its 
diameter. Uy making the calculation, we shall find the attractive power of the Karth 
upon the Uoon to be 81,777 times greater than that of the Moon apon the Earth. 

613. We have thus stated the principal facts connected with 
this complicated phenomenon, and the causes to which they are 
generally attributed. And yet it is not certain that the philoso- 
phy of tides is to this day fully understood. La Plau^ the great 
French mathematician and astronomer, pronounced it one of the 
most difficult problems in the whole range of celestial mechanics. 
It is probable that the atmosphere of our globe has its tides, as 
well as the waters ; but we have no means, as yet, for definitely 
ascertaining the fact 



CHAPTER XIV. 



THE SEASONS— DIFFERENT LENGTHS OF THE DAYS AND 

NIGHTS. 

614. The vicissitudes of the seasons, and the unequal lengths 
of the days and nights, are occasioned by the annual revolution 
of the Earth around the Sun, with its axis inclined to the plane 
of its orbit. The temperature of any part of the Earth's sur- 
face depends mainly, if not entirely, upon its exposure to the 
Sun's rays. 

JHCUXATIOX or TBB IASTH's AXIS TO THS TUMt OF fHS HLimO. 







PLANE OF /Q37K THE ECLIPTIC 





615. Whenever the Sun is ahove the 'horizon of any place, 
that place is receivivg heat ; when the Sun is below the horizon 
it is parting with it, by a process which is called radiation. The 
quantities of heat thus received and imparted in the course of 
the year, must balance each other at every place, or the equi- 

018. Is it certain that this subject Is eren yet well understood f Remaric of Laplace? 
9H. Cause of the seasons, and the unequal length cf the days and nights f Temperatqn. 
of tfie lArfh ? 610. Whta doM any fAace guih h«at, anil wh«n Itise t TTpon whnt duv 
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librium of temperature would not be supported. Whenever tnc 
Sun remains more than twelve hours above the horizon of any 
place, and less beneath, the general temperature of that place 
will be above the mean state ; when the reverse takes place, the 
temperature, for tlie same reason, will be below the mean state 
Now, the continuance of the Sun above the horizon of any place, 
depends entirely upon his declination, or altitude at noon. 

616. About the 20th of March, when the Sun is in the ver- 
nal equinox, and consequently has no declination, he rises at six 
in the morning and sets at six in the evening ; the day and night 
are then equal, and as the Sun continaes as long above our 
horizon as below it, his influence must be nearly the same at the 
same latitudes, In both hemispheres. 

From the 20th of March to the 21st of June, the days grow 
longer, and the nights shorter, in the norchern hemisphere ; the 
temperature increases, and we pass from spring to midsummer ; 
while the reverse of this takes place in the southern hemisphere. 

From the 21st of June to the 23d of September, the days 
and nights again approach to equality, and the excess of tem- 
perature in the northern hemisphere aboife the mean state, grows 
less, as also its defect in the southern ; so chat, when the Sun 
arrives at the autumnal equinox, the mean temperature is again 
restored. 

611. From the 23d of oaoo of m skasob*. 

September until the 21st of ^L 

December, our nights grow .-"'^^^ 

longer and the days shorter, ^" ^o?Knal *'•-.. 

and the cold increases as /^\ epu>;nox 

before it diminished, while / \ sert^^^ 

we pass from autumn to / \ i \ 

mid-winter, in the northern / w.nte^ V^'JK solstIce /t^ 

hemisphere, and the inhabit- pag^so;:*l'5.!. tO^ yJiViV ^w" 

ants of the southern hemi- ^^o^cai \^ **" ^P^ 

sphere from spring to mid- * 1 \ / 

summer. \ eJnalX 

From the 2lst of Dec. '\ cpuiiNox \ 

to the 20th of March, the *'x MARoj^ito 

cold relaxes as the days grow **«.... 
longer, and we pass from 




'c 



the length of the days depend? 616. How about (he 2()tli uf .March? From Mareb 
«Oth to June 2l8t ? From June 21«t to September 28d ? 617. Froui September 28d to 
l/i,o«mbcrSl8tr Prom December Slst tti March 20th? Hr w with the teMons la (h« 
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tho drearinCiSs of winter to the mildness of spring, wiien the 
seasons are completed, and the mean temperature is again 
restored. The same vicissitudes transpire, at the same tim«, in 
the southern hemisphere, but in a contrary order. Thus are 
produced the four seasons of the year. 

In the preceding cut, the Earth is shown in her orbit, with her axis Inclined 88^*; the 
Uorth Pole being towards the eye of the student. At A and B the Sun shines from pole 
to pole, and the days and nights are equal in both heroisphereB. On the right, the North 
Pole is in the light, and we have summer in the northern hemisphere. On the left, the 
reverse is the case. And the gradual shortening or lengthening of the days, and tlto 
change of temperature, are produced by the passage of the Earth from one point to 
another, with her axis thus inclined. 

618. But I have stated not the only, nor, perhaps, the most 
efficient cause in producing the heat of summer and the cold of 
winter. If, to the inhabitants of the equator, the Sun were to 
remain 16 hours below their horizon, and only 8 hours above it, 
for every day of the year, it is certain they would never expe- 
rience the rigors of our winter ; since it can be demonstrated, 
that as much heat falls upon the same area from a vertical Sun 
in 8 hours, as would fall from him, at an angle of 60°, in 16 
hours. 

Now, as the Sun's rays fall most obliquely when the days are 
shortest, and most directly when the days are longest, these two 
causes — namely, the duration and intensity of the solar heat, 
together, produce the temperature of the different seasons. The 
reason why we have not the hottest temperature when the days 
are longest, and the coldest temperature when the days are 
shortest, but in each case about a month afterwards, appears to 
be, that a body once heated, does not grow cold iiistantaneously, 
but gradually, and so of the contrary. Hence, as long as more 
heat comes from the Sun by day than is lost by night, the heat 
will increase, and vice vcrsd, 

BEGINNIRQ AND LENGTH 0¥ THI SEASONS. 

h. in. a. 

Sun enters « (Winter begins) 1849, Dereraber 21, 7 26 46 M. T. Wash. 
»' " T (Spring »' ) 1850, March 20, 8 66 88 *• " 
" " o (Summer " ) " June 21, 6 8 9 " »* 

" " ^ (Autumn '♦ ) " Sept. 22, 19 68 21 »♦ ** 

•* " t3 (Winter " ) " December 21, 18 21 67 ♦* •* 



oathem hemisphere ? 618. Is the simple fact that a place le enlightened by the Sun. a 
officieut cause for its being warm? What circumstance determines the intensity o* the 

Bun*8-ray3 f Why, then, is it not wannest during the longest days, and on the ccaurw? 

widest during the shortest days? iiow long will heat increase t 
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d. h. m. k. 

8uu to the Winter Slgnt . . . 89 1 80 52 

•* ** Spring . . . . . . 92 91 6 81 

M u Bummer 98 18 fift 89 

*• ** Autumn 89 17 28 96 

** north of Bquator (Spring and Summer) 186 11 1 58 

«tottth » (Winter and Autumn) 178 18 M 18 



Longest north of the Equator 7 16 7 85 

Length o' the tropical jrear beginning at ) 

the winter solstice 1849, and ending at V r6.1 6 56 11 

the winter solstice 1850. ) 

Mean or average length of the tropical year, '865 6 48 48 



619. The north pole of the Earth is donominated the elevated 
[K>le, because it is always about 23^° above a perpendicnlar to 
the plane of the ecliptic, and the soath pole is denominated the 
depressed pole, because it is about the same distance below such 
perpendicular. 

As the Sun cannot shine on more than one-half the Earth's surfttce at a time, It ia 
plain, that when the Earth la moving through that portion of its orbit which lies abo99 
the Sun, the elevated pole is in the dark. This requires six months, that is, until the 
Earth arrives at the equinox, when the elevated pole emerges into the light, and the 
depressed pole is turned away 'rom the Sun for the same period. Consequently, there 
are six months day and six months night, alternately, at the poles. 

620. When the Sun appears to us to be in one part of the 
ecliptic, the Earth, as seen from the Sun, appears in the point 
diametrically opposite. Thus, when the Sun appears in the ver- 
nal equinox at the first point of Aries, the Earth is actually in 
the opposite equinox at Libra. The days and nights are then 
equal all over the world. (See the cut, pages 288 and 292.) 

As the Sun appears to move up from the vernal equinox to the summer solstice, the 
Earth actunlly moves froar> the autumnal equinox down to the winter solstice. The days 
now lergchen in the northern hemisphere, and shorten in the southern. The Sun is nuw 
over the north pole, where it is mid<day, and opposite the south pole, where it is midnight. 

As the Sun descends from the summer solstice towards the autumnal equinox, the Earth 
apcends from the winter solstice towards the vernal equinox. The summer days in the 
northern hemisphere having waxed shorter and shorter, now become again of equal 
length in both hemispheres. 

621. While the Sun apears to move from the autumnal eqai- 
Lox down to the winter solstice, the Earth passes up from the 
vernal equinox to the summer solstice ; the south pole comes 
into the light, the winter days continually shorten in the northern 
hemisphere, and the summer days as regularly increase in length 
!n the southern hemisphere. 

While the Sun appears again to ascend from its wintc* solstice 
to the vernal equinox, the Earth descends from the Summer 
solotice to the autumnal equinox. The summer days now shorten 

619. Which is the floated pole, and why ? The depressed, and why? How are the 
seasons produced f 620. How are the Earth and Sun situated in the ecliptic, with 
reference to each other t What said of the Sun*s apparent motion around the KNUac i 
Ml. What farther description of the 8un*s apparent progr*.>mf 
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in the sonthem hemisphere, and the winter days lengthen in the 
northern hemisphere. 

622. When the Sun passes the vernal equinox, it rises to the ^ 
arctic or elevated pole, and sets to the antarctic pole. When 
the Sun arrives at the summer solstice, it is noon at the north 
pole, and midnight at the south pole. When the Sun passes the 
autumnal equinox, it sets to the north pole, and rises to the 
fiouth pole. When the Sun arrives at the winter solstice, it is 
midnight at the north pole, and noon at the south pole ; and 
when the Sun comes again to the vernal equinox, it closes the 
day at the south pole, and lights up the morning at the north 
pole. 

There would, therefore, be 186^ days during which the Sun 
would not set at the north pole, and an equal time during which 
he would not rise at the south pole ; and 178^ days in which he 
would not set at the south pole, nor rise at the north pole. 

623. At the arctic circle, 23° 27^' fVom the pole, the longest 
day is 24 hours, and goes on increasing as you approach the 
pole. In latitude 67° 18' it is 30 days ; in lat. 69° 30' it is 60 
days, &c. The same takes place between the antarctic circle 
and the south pole, with the exception, that the day in the same 
latitude south is a little shorter, since the Sun is not so long 
south of the equator, as at the north of it. In this estimate no 
account is taken of the refraction of the atmosphere, which, as 
we shall see hereafter, increases the length of the day, by mak- 
ing the Sun appear more elevated above the horizon than it 
really is. All these apparent motions of the Sun are due to the 
inclination of the Earth's axis (or the obliquity of the ecliptic), 
and her revolution around the Sun. 

The followinff cut represents the inclination of the Earth's axis to its orfoit in every 
one of the twelve signs of the aodiac, and oonsequently for each month in the year. 
It is such a view as a beholder would have, situated in the north pole of the eolipUe^ at 
some distance from It, and consequently, is a perpendicular view, the north pole of the 
Earth being towards us. The Sun enters the sign Ariet^ or the vernal equinox, on the 
20th of March, when the Earth enters Libra^ and when her axis inclhies neither Unoards 
the Sun, nor from it, but stands exactly tideway9 to it ; so that the Sun then shines 
equally upon the Earth from pole to pole, and the days and nights are everywhere equal. 
This is the beginning of the astronomical year ; it is also the beginning of day at the 
north pole, which is Just coming into light and the end of day at the south pole, which 
is just going into daricness. 

By the Earth's orbitual progress, the Sun appears to enter the second sign, TVturtM, 
on the 20th of April, when che north pole has sensibly advanced into the light, while the 
south pole has been declining from it ; whereby the days become longer than the nights 
in the northern hemisphere, and shorter in the southern. 

On the 21st of May, the Sun appears to enter the sign Gemini^ when the north pole 

^ — — _^__^_i I ■ 

022. How are the light and darkness of the i)oles affected by the Sun's apparent motion f 
it'28. What said of the length of the days wlt^tin the arctic circle ? In latitude 67* 18' f 
In latitude 69* 60' f How at the other pole? To what are these various apoareo* 
-notions of the Run really due f 

no. 13 
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PBILOaoraT OP THB RASOKU* 
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hai adranced consldera- 
hly further Into the light, 
while the south pole has 
proportionally declined 
from tt: the summer 
iays are now waxing 
longer in the northern 
hemisphere, and the 
nights shorter. 

The 21st of June, when 
the Sun enters the sign 
Cancer^ is the first day 
of summer in the astro- 
nomical year, and the 
longest day in the north- 
ern hemisphere. The 
uorth pole now has its 
^Teatest inclination to 
the Sun, the light of 
which, as is shown by 
(he boundary of light and 
darkness, in the figure, 
extends to the utmost 
verge of the Arctic Cir- 
3le ; the whole of which 
Is included in the enlight- 
ened hemisphere of the 
Sarth, and ei\joy8, at 
this season, constant day 
during the complete revo- 
lution of the Earth on its 

axis. The whole of the Northern Frigid Zone is now in the circle of perpetual illumi- 
nation. 

On the 83d of July, the Sun enters the sign Leo^ and as the line of the Earth's axis always 
continues parallel to itself, the boundary of light and darkness begins to approach nearer 
to the poles, and the length of the day in the northern hemis])here, which had arrived 
at its maximum, begins gradually to decre.o.se. On the 28d of August, the Sun enters the 
sign Virgo^ increasing the appearances mentioned in Leo. 

On the 23d of September, the Sun enters Librae the first of the autumnal signn, when 
^le Earth's axis having the same inclination as it had in the opposite sign, Arie«^ is 
turned neither//'om the Sun, nor towards it, hut obliquely to it, so that the Sun again 
now shines equally upon the whole of the Earth's surface from pole to pole. The days 
and nights are once more of equal lengtli, throughout the world. 

On the 23d of October, the Sun enters the sign Scorpio ; the days visibly decrease 
in length in the northern hemisphere, and increase in the southern. 

On the 22d of November the Sun enters the sign SaffiUariuSf the last of the autumnal 
signs, at which time the boundary of light and darkness is at a considerable distance 
from the north pole, while the south pole has proportionally advanced into the light ; the 
length of the day continues to increase in the southern hemisphere, and to decrease in 
the northern. 

On the 2l8t of December, which is the period of the winter solstice, the San enters tlic 
sign Capricorn. At this time, the norlh pole of the Earth's axis is turned from the 
Sun, into perpetual darkness; while the south pole, in its turn, is brought into the light 
of the Sun, whereby the whole Antarctic region comes into the circle of perpetual illumi- 
nation. It is now that the southern hemisphere eAJoys all those advantages with which 
the northern hemisphere was favofed on the 2lBt of June ; while the northern hemi- 
sphere, in its turn, undergoes the dreariness of winter, with short days and long 
nights. 



* This diagram and the accompanying explanations should be carefully studied till 
*>iey are thoroughly understood by the learner. The cause of the seasons and of the 
Oit.'nual lengths of the days and nights, is a matter of which no professedly educated 
persoF ought to be ig^norant, or to entertain confused and indefinite notions. By all 
tnenns »et this point be studied till the student can tell the cause of every particular phe- 
nomenon of the seasons and the length of the days, without any particular interrj 
gatiOQ. 
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624. By carefully observing the figure, it may be seen that 
the orbit of the Earth is slightly elliptical, that the Suu is to 
the left of the center, and that consequently, the Earth is nearer 
the Sun on the 21st of December, than on the opposite side of 
the ecliptic, on the 21st of June. This may seem strange to the 
learner, that we should have our winter when nearest the Sun, 
and our summer when most distant ; but it most be remembered 
that the temperature of any particular part of the Earth ig 
not so much affected by the distance of the Sun, as by the direct- 
ness or obliquity of his rays. Hence, though we are farther 
from the Sun on the 21st of June than on the 21st of December, 
yet, as the north pole of the Earth is turned more directly into 
the light at that time, so that the Sun's rays strike her surface 
less obliquely than in December, we have a higher temperature 
at that period, though at a greater distance from the Sun. 

625. The difference, however, between the aphelion and peri- 
helion distances of the Earth is so slight, in comparison with the 
whole distance, as scarcely to canse a perceptible difference in the 
amount of light received at her respective positions. The eccen- 
tricity of the Earth's orbit, or the distance of the Sun from its 
center, is only about 1,618,000 miles, so that the variation is 
only 3,236,000 miles, or about one^hirtieth of the mean distance. 
The true orbit of the Earth could not be distinguished from a 
circle. 

The only effect of the eccentricity of the Earth's orbit apon her temperature is, that 
she has probably a greater degree of heat, during summer in the southern hemisphere, 
when the Garth is at her perihelion, than we ever have at the north iu the same lati 
tudc. But this difference must be very slight, if ind^fid it is at all perceptible. 



CHAPTER XV. 
THE HAKVEST MOON AND HORIZONTAL MOON, 

626. The daily progress of the Moon in her orbit, from west to 
east, causes her to rise, at a mean rate, 48 minntes and 44 
seconds later every day than on the preceding. But in places 
of considerable latitude, a remarkable deviation from this rule 

624. What said of the form of the Earth's orbit? When are we nearest the Sunl 
Why is it not then tlie wannest in the United States? ' 625. What is the amount of the 
Earth's variation in distance from the Sun ? What effect upon the light and heat of the 
fCarthf 626. Sulyect of this chapUr? Mean rate of the Moon's daily delay in risiig 



294 ASTRONOMf. 

takes place, especially aboat the time of narvest, when the full 
Moon rises to us for several nights together, only from 18 to 25 
minutes later in one day, than on that immediately preceding. 
Fron- the benefit which her light affords, in lengthening out the 
day, when tlie husbandmen are gathering in the fruits of the 
Earth, the full Moon, under these circumstances, has acquired 
the name of Harvst Moon. ^ 

It is beliered Ui»t this fact was obsenred by persons engaged in agriculture, at a mnch 
earlier period than that in which it was noticed by astronomers. The former ascribed it 
to the goodness of the Del^; not doubting but th%the had so ordered it for their adran- 
tage. 

627. About t..e equator, the Moon rises throughout the year 
with nearly the equal intervals of 48f minutes ; and there the 
harvest Moon \a unknown. At the polar circles, the autumnal 
full Moon, from her first to her third quarter, rises as the Sun 
sets ; and at the poles, where the Sun is absent during one-half 
of the year, the winter full Moons, from the first to the third 
quarter, shine constantly without setting. 

By this, It Is not meant that the Moon eonUn,'ue» fuU from her first to her third qnar 
ter ; but that she immt Mte to the North Polar r^ions, when, at this season of the year, 
she is within 90* of that point in her orbit, where she is at her full. In other words, ZM 
the Sun UIud ines the south pole during one 'half of its yearly revolution, so the Moon, 
being opponte to the Sun at her full, must illumine the opposite poUy during half of her 
revolution ahont the Earth. The phenomenon of the Harvest Moon may be thus exem- 
plified by means of the globe. 

Rectify the globe to the latitude of the place, put a patch or piece of wafer in the eclip 
tic, on the point Aries, and mark every 12* preceding and following that point, to the 
number of ten or twelve marks on each side of it ; bring the equinoctial point marked by 
the wafer to the eastern edge of the borixon, and set the index to 12 ; turn the globe 
westws .d till the other marks successively come to the horuson, and observe the hours 
passed 'Ver by Ute Index ; the Intervals of time between the marks coming to the horison, 
will sh w the diurnal difference of time between the Moon's rising. If these marks be 
Drought to the western edge of the horiaon in the same manner, it wiU show the diurnal 
difference between the Moon*s setUng, 

From this problem it will also appear, that, when there is the least difference between 
the times of the Moon's rising, there will be the greatest difference between the times of 
her tteUing^ and the contrary. 

The reason why you mark every 12* is, that the Moon gains 19* 11' on the apparent 
coursi 'f the Sun every day, and these marks serve to denote the i^ce of the Moon 
from day to day. It is true, this process supposes that the Moon revolves in the plane 
of the ecliptie, which is not the case ; yet her orbit so nearly coincides with the ecliptic 
(differing only 5* 9' from it), that they may* for the convenience of illustration, be con- 
sidered as coinciding ; that is, we may take the ecliptic for the representative of the 
Moon's orbit. 

628. The different lengths of the lunar night, at different lati- 
tudes, is owing to the different angles made by the horizon and 
different parts of the Moon's orbit ; or, in other words, by the 



What remarkable deviation f What Is the Moon then called, and why ? How anciently 
was this pheuomenoD observed? To what attributed? 627. Is the Harvest Mooa 
known «t the equator? How at the Polar circles ? At the poles? Does she there e:{hio 
bit her usual phases ? Can you illustrate the phenomenon of the Harvest Moon by u 
globe! 62d. To «rl at is the different lengths of the lunar nights attribntable f 
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Moon's orbit lying sometimes more oblique to the horizon than 
at others. 

In the latitude of Londont for example, as much of the eoliptie rifes ab>ut Pisces and 
Aried in two hours as the Moon goes through In six days ; therefore, while the Moon is ic 
these signs, she diflTers but two hours in rising fur six days together ; that is, one day 
with another, she rii^ about 20 minutes later every day tlian on the preceding. 

629. The parts or signs of the ecliptic which rise with the 
smallest angles, set with the greatest ; and those which rise with 
the greatest, set with the least. And whenever this angle is 
least, a greater portion of the ecliptic rises in equal times than 
when the angle is larger. Therefore, when the Moon is in those 
signs which rise or set with the smallest angles, she rises or sets 
with the least difference of time ; but when she is in those signs 
which rise or set with the greatest angles, she rises or sets with 
the greatest difference of time. 

Let the globe, for example, be rectified to the latitude of New Tork, 40* 42' 40*. with 
Cancer on th*< meridian, and Libra rising in the east. In this position, the ecliptic has a 
high elevation, making an angle with the horixon of 72)6** 

But let the globe be turned half round on its axis, till Oaprlcom comes to the meridian, 
and Aries rise» in the east, then the ecliptic will have a low elevation above the horison, 
maa.ing an angle with it of only 25 3i*. This angle Is 47* leas than the former angle, and 
la equal to the distance between the tropics. 

630. In northern latitudes, the smallest angle made by the 
ecliptic and horizon is when Aries rises ; at which time Libra 
tfets ; the greatest is, when Libra i*3es and Aries sets. The eclip- 
tic rises fastest about Aries, and slowest about Libra. Though 
Pisces and Aries make an angle of only 25^° with the horizon 
when they rise^ to those who live in the latitude of New York, 
yet the same signs, when they set, make an angle of 72^°. The 
daily difference of the Moon's rising, when in these signs, is, in 
New England, about 22 minutes ; but when she is in the oppo- 
site signs, Virgo and Libra, the daily difference of her rising is 
almost four times as great, being about one hour and a quarter 

631. As the Moon can never be full but when she is opposite 
to the Sun, and the Sun is never in Virgo or Libra except in 
our autumnal months, September and October, it is evident that 
the Moon is never full in the opposite signs, Pisces and Aries, 
except in those two months. We can, therefore, have only two 
full Moons in a year, which rise, for a week together, very near 
the time of sunset. The former of these is called the Harvest 
Moon, and the latter, the Hunter's Moon. 

629. What said of the angles under which the signs rise and set f What result followa 
as to time of the Moon's rising and setting? How illustrate by globe ? 630. When is 
the angle smallest in northern latitudes? When greatest? What difference of angle ai 
Uie rbing and setting of Pisces? Daily difference of the Moon's rising? When iu Piscoe 
and Aries? What when in Virgo and Libra? 681. Why have we ndt mora than oo' 
UarvcHt^ and one nuwUr*$ Moon in a year? 
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632. Althoagh there can be but two fidi Moons in the year 
that rise with no little variation of time, jet the phenomenon 
of the Moon's rising* for a week together so nearly at the same 
time, occurs every month, in some part of her course or the 
other. 

In WinisTy th« tifM Pisces and Aries rise about noon ; hence the rising of the Moon 
to not then regarded nor perceived 

In Springy these signs ri«e with the Sun^ because he is then in them ; and as the Moon 
changes while passing through the same sign with the Sun, it must then be the change, 
and hence invisible. 

In Huffnmert they rise about midnight, when the Moon, is in her ihifd quarter. On 
account of her rising so late, and giving but little light, her rising passes unobaenred. 

633. To the inhabitants at the equator, the north and south 
poles appear in the horizon, and therefore the ecliptic makes the 
same angle southward with the horizon when Aries rises, as it 
does northward when Libra rises ; consequently th3 Moon rises 
and sets not only with angles nearly equal, but at equal inteirvals 
of time, all the year round ; hence, there is no harvest Moon at 
the equator. The farther any place is from the equator, if it be 
not 'beyond the polar circles, the angle which the ecliptic makes 
with the horizon gradually diminishes when Pisces and Aries rise. 

634. Although, in northern latitudes, the autumnal full Moons 
arc in Pisces and Aries ; yet in southern latitudes it is just the 
reverse, because the seasons r.re so : — ^for Virgo and Libra rise 
at as small angles with the horizon in southern latitudes as Pisces 
and Aries do in the northern ; and therefore the harvest Moons 
are just as regular on one side of the equator as on the other. 

At the polar circles, the fbll Moon neither rises in summer, nor sets in winter. For the 
winter full Moon being as high in the ecliptic as the summer Sun, she must continue while 
passing through ttie northern signs, ttbof>€ the horiaon ; and the summer fiUl Moon, being 
as Uno In the ecliptic as the winter Sun, can no more rise, when passing through the 
southern signs, than he does. 

635. The great apparent magnitude of the Moon, and indeed 
of the Sun, at rising and setting, is a phenomenon which has 
greatly embarrassed almost all who have endeavored to account 
for it. According to the ordinary laws of vision, they should 
appear to be least when nearest the horizon, being then farthest 
from the eye ; and yet the reverse of this is found to be true. 
The apparent diameter of the Moon, when viewed in the horizon 
by the naked eye, is two or three times larger than when at the 
altitude of thirty or forty degrees ; and yet when measured by 

an instrument her diameter is not sensiblv increased. 

» 

8ft3. Does not the Moon rlao with little variation for several nights In suocession, 
every month? Why not always perceived? 988. Why is there no I/arv^ Moon at 
the equator ? 684. What said of these lunar phenomena in the Southern .i^mispheref 
066. What said ef the apparent diameter of the Mo<)n in the horiaon? xlow whru 
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Both the Sun and the Moon really subtend a greater angle when on the meridian, than 
they do in the horizon ; because they are then actually nearer the place of the spectator 
ity the whole senii-diaTnetcr of the Earth ; and one reason why they appear largest in 
the horizon ia, that they are then compared with terr<i8trial oly'ects, with whose magni> 
tude we are acquainted. 

This apparent increase of magnitude in the horisontal Moon, is chiefly an optical illu- 
-ion, profluced by the concavity of the heavens appearing to the eye to be a less portion 
of a spherical surface than a hemisphere. The eye is accustomed to estimate the dis- 
tance between any two okjects in the hearens by the quantity of sicy that appears to lie 
between them ; as upon the Earth we estimate it by the quantity of ground that lies 
between them. Now when the Sun or Moun is Just emerging above the eastern horison, 
or sinking beneath the western, the distance of the intervening landscape over wiiicn 
they are seen, contributes, together with the refmction of the atmosphere, to exaggerate 
our estimate of their real magnitudes. 

THE HORIZONTAL MOON. 

636. Both the San and Moon are sometimes seen to be elmi 
gated horizorUaUyy when near the horizon. This is often the case 
when the atmosphere is very dense. The cause of this pheno- 
menon is this : All celestial bodies in the horizon are more or 
•ess elevated bj atmospherical refraction (See page 300) ; and 
the amomit of this apparent elevation depends somewhat upon 
the density of the atmosphere as well as npon the altitude of the 
object. When, therefore, the Sun or Moon are near the horizon, 
and viewed through a dense atmosphere, the refraction is great- 
est ; and as their lower limb is seen through a denser stratum of 
atmosphere than their upper limb, its apparent elevation is 
greater, and the object seems to be flattened, while its horizontal 
diameter is not sensibly diminished. 

This phenomenon and ita caoae may be easily llluitrated by a diagram. 



CHAPTER XVI. 

REFRACTION AND TWILIGHT. 

637. The rays of light, in passing out of one medium into 
another of a greater density, deviate from a straight course, and 
are bent towards a perpendicular to tliat course ; and if the 
density of the latter medium continually increase, the rays of 

moarored? When do thev subtend the greater angle? Why appear largest when in 
the horison f What other explanation given f 636. What is meant by a Jloriaonial 
Moon ? The cause of this phenomenon ? 637. What is meant by the rtfracUon of 
'»ght? What principles govern it? 
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light m passing through it, will deviate more and more from a 
right line as they pass downwards, or towards the eye of the 
obscnrer. 

638. As air and water are both transparent, but of different 
densities, it follows that, when light passes obliquely from one 
to the other, it will be 
refracted. If it pass 
from the air into the 
water, it will be refract- 
ed towards a perpendicur 
lar. 
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Here the ray A itrikes the 
water perpendicnlarly, and paaaee 
directly throogh to B wlChoat be> 
ing refracted. But the ray D 
strikes the water at obliquely ; 
and instead of passing straight 
throajrh to E, is refracted at 0, 
and reaches Uie bottom of the water at F. If, cherefore, a person were to recelre the 
ray into tlie eye at F, and to judge of the place of the object from which the light ema- 
nnttrs from the direction of the ray F, he woijld conclude that he saw the olDject at O, 
unless be made allowance for the reflraction of the light at 0. 
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639. When light passes 
obliquely from a denser 
to a rarer medium, as 
from water into air, it is 
refracted frtmi a perpen- 
dicular towards a horizon- 
tal. 

Here the lamp A shines up 
through water into air. The raj 
that strikes the surface perpen> 
dicularly passes on to B without 
oeing refracted; but tKe other rays 
that leare the water obliquely are refracted toward a horisontal direction, in proporttoa 
to their distance from the perpendicular; or, in other words, in proportion to the 
obliquity of their contact with the surface of the water. 

640. In consequence of the refraction of light towards a hori- 
zontal direction, in passing from water into air, a pole, half of 
which is in the water, seems bent at the surface, and the lower 
end seems nearer the surface than it really is. For the same 
reason, the bpttom of a river seems higher, if seen obliquely, than 
it really is ; and the water is always deeper than we judge it 
to be. 



688. How refracted by air and water f €S9. How wTien light passes from denier ti 
nurer media f 640. Effect of refraction upon objects seen under water? 
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641. The refracting power of different iranspurent sabstaiices 
depeuda maioly upon their density. Water refracts more than 
air, glass more than water, and diamond most of all. But the 
angle of incidence, or the obliquity of the contact of the rays 
with the denser substance, has also mach to do in determining 
the amount of refraction. 



642. By the aid of refraction, 
we may see objects that are 
actually behind an opaque or 
iutraiispareiit body. 



643 By the 
law of refrac- 
tion, light has 
been found to 
consist of a com- 
bination of co- 
lors. By pass- 
ing a beam of 
li^ht through a 
f.ii angular piece 
of flint glass 
called a prism, 
it is seen that ,^^_ 
.' loie parts of 

SfT . CpoA vbaC doei the n 
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the light are more refrangible than others, so that the liglit is 
analyzed, or separated into its component parts or elements. 

Let a ray «f light from the Sun be admitted through a hole in the window shutter. A, 
Into a room from which ail other light Is excluded ; it will form on a screen placed a little 
distance in front, a circular image, B, of white light. Now interpose near the slmtter a 
glass prism, C, and the light, in passing tltrough it, will not only be refracted in the same 
direction, both when it enters the prism and when it leaves it, but the several rays oi 
wiiich white light is composed will be separated, and will arrange in regular order on the 
M-reen, immediately above the image B, which will disappear. The violet ray, it will be 
seen, is most refracted, and the red least ; the whole forming on tb i scale an elongated 
image of the Sun, called the solar ^[>ectru>n,— Johnston. 

644. It is the refraction of the clouds that gives the sky its 
hcautifal colors morning and evening ; and the refracting power 
of the rain-drops produces the beautiful phenomenon of the rain- 
bow. 



ATHOSPHEBIOAL REFRACTION. 

645. The refracting power of the atmosphere produces many 
curious phenomena. Sometimes ships are seen bottom upwards 
in the air, single or double. At other times, objects really below 
the horizon, as ships or islands, seem to rise up, and to come dis- 
tinctly in view. 

646. A very important efiFect of refraction, as it relates to 
astronomy, is, that it more or less affects the apparent piaces of 
all the heavenly bodies. As the light coming from them strikes 
the atmosphere obliquely, and passes downward through it, it is 
refracted or bent towward the Earth, or toward a perpendicular. 
And as we judge of the position of the object by the direction 
of the ray when it enters the eye, we place objects higher in the 
heavens than they really are. 

ATMOSPBKBICAL BKFKAOTIOV. 

Let A, in the cut, repre- 
sent the Barth ; B, the at- 
mosphere; CO, the visible 
hurizou ; and the exterior 
circle the apparent con> 
c.-ive of the heavens. Now, 
as the light passes from 
the stars, and strikes the 
atmosphere, it is seen to 
curve downward, because 
it strikes the atmosphere 
obliquely ; and the air in> 
ureases in density as we 
approach the Earth. But 
as the amount of refraction depends not only upon the density, but also upon the obli- 
quity of the contact, it is seen that the refraction is greatest at the iiorizon, and gradu- 
ally diminishes till the ofctject reaches the senith, when there is no obliquity, and the refrac- 




944 Whatoihef effects of refraction? 645. Atmospherical refraction? 
lonMtrial otiiecii '( ( 46. UjMn apparent plaues of stars, Ac ? 
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Jon #h(.lly ceases. The dark lines In the cat show the true, and the dotted the apparent 
Positions. 
In Uie cut, the depth of the atmosphere, as compared with the globe, is greatly exag 

qerated. Even allowing it to be 50 miles deep, it is only j*^th of the semi-diameter of th« 
«riobe, which is equal to only abouty^th of an inch upon a common 18-inch globe. But 
%. was necesary to exaggerate, in order to illustrate the principle. 

64 1. The amount of displacement of objects in the horizon, 
.')y atmospherical refraction, is about 33', or a little more than 
Ihe greatest apparent diameter of either the Sun or Moon. 1 
I'ollows, therefore, that when we see the lower edge of eithe 
ajpparertiy resting on the horizon, its whole disc is in reality below 
it ; ana would be entirely concealed by the convexity of the 
Earth, were it not for refraction. 

648. Another effect of refraction is, that the Sun seems to 
rise about three minutes earlier, and to set about three minutes 
lAter, on account of atmospherical refraction, than it otherwise 
would ; thus adding about six minutes, on an average, to the 
length of each day. 

The atmosphere is said to be so dense about^the North Pole as to bring the Sun above 
the horiscn some days before he should appear, according to calculation. In 1506, some 
Dutch iiavi^-'ttors, who wintered at NovaZembIa, in latitude 76°, found that the Sun began 
to be visible; 17 days before it should have appeared by calculation ; and Kepler computes 
that the atmospheric refraction must have amounted to 5°, or 10 times as much as witli us. 

649. The tvnlight of morning and evening is produced partly 
by refraction, but mainly by reflection. In the morning, when 
the Sun arrjves within 18° of the horizon, his rays pass over 
our heads into the higher region of the atmosphere, and are 
thence reflected down to the Earth. The day is then said to 
be dawn, and tHe light gradually increases till sunrise. In the 
evening, this process is reversed, and the twilight lingers till the 
Sun is 18° below the horizon. There is thus more than an hour 
of twilight both morning and evening. 

In the arctic regions, the Sun is never more than 18* below the horison ; so that the 
twilight continues during the whole night. 

650. In making astronomical observations, for the purposes 
of navigation, &c., allowance has to be made for refraction, 
according to the altitude of the object, and the state of the 
atmosphere. For this pirpose tables are constructed, showing 
the amount of refraction :or every degree of altitude, from the 
horizon to the zenith. 



647. Amount of displacement of celestial otgects by refraction? What follows V 
646. Influenceof refraction on length of days? How about the North Pole? 649. Oanse 
ciUoiligTUf 65i>. What allowance 'or refraction ? Tabl(\«? 
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CHAPTER XVII. 
AURORA BOREALIS AND PARALLAX. 

651. The sublime and beautiful phenomena presented by the 
Aurora Bortalis, or northern lights, as they are called, have been 
In all ages a source of admiration and wonder alike to the pea- 
sant and the philosopher. In the regions of the north (and 
indeed in many other places) they are regarded by the ignorant 
with superstitious dread, as harbingers of evil ; while all agree 
in placing them among the unexplained wonders of nature. 

TheM lights, or meteoric comacations, are more brilliant in the arctic regions, appear- 
ing mostly in the winter season and in frosty weather. They commonly appear at twi- 
light near the horixon, and sometimes continue in (hat state for several hours without 
any sensible motion ; after which they send forth streams of stronger light, shooting 
wiU) great velocity up to the sentth, emulating, not anfrequently, the li^tning in vivid- 
ness, and the rainbow in coloring ; and again, silently rising in a compact majestic arch 
of steady white light, apparently durable and immovable, and yet so evanescent, that 
while the beholder loolcs upon it, it is gone. 

At other times they cover the whole h<>mtsphere with Uieir flickering and fantastic 
coruscations. On these occasions their moiions are amazingly quick, and they astonish 
the spectator with rapid changes of form. They break out in places where none were 
seen before, skimming briskly along the heavens ; then they are suddenly extinguished, 
leaving behind an uniform dusky track, which, again, is brilliantly illuminated in the same 
manner, and as suddenly left a dull blank, bonie nighta they assume the appearance of 
vast columns; exhibiting on one side tinN of the deepest yellow, and on the other, 
melting away until they become undistinguishable ft-om the surrounding sky. They 
have generally a strong tremulous motion from end to end, which continues till ttie whole 
vanishes. 

652. Maupertius relates, that in Lapland, '' the sky was 
sometimes tinged with so deep a red that the constellation Orion 
looked as though it were dipped in blood, and that the people 
fancied they saw armies engaged, fiery chariots, and a thousand 
prodigies." Gmelm relates, that, "in Siberia, on the confines 
of the icy sea, the spectral forms appear like rushing armies ; 
and that the hissing, crackling noises of those aerial fireworks 
80 terrify the dogs and the hunters, that they fall prostrate on 
the ground, and will not move while the raging host is passing.' 

Kerguelen describes " the night between Iceland and the Ferro 
Islands, as brilliant as the day'' — ^the heavens being on fire with 
flames of red and white light, changing to columns and arches, 
and at length confounded in a brilliant chaos of cones, pyramids, 
radii, sheaves, arrows, and globes of fire. 

653. But the evidence of Captain Parry is of more valne 

061. What said of the Aurora Borealisf How regarded by the ignorant? Whuw 
most brilliant r In what weather? Debcribef 862. Observations of MaurtrtiUi, 
ChmlUi^ and KwgueHen f 668. Observations of Oapt. Parry t 
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tban that of the earlier travelers, as he examinea the phenomena 
under the most favorable circumstances, daring a period of 
twenty-seven consecutive months, and because his observations 
are uninfluenced by unagination. He speaks of the shifting 
figures, the spires and pyramids, the majestic arches, and the 
sparkling bands and stars which appeared within the arctic cir- 
cle, as surpassing his powers of description. They are, indeed, 
sufficient to enUst the superstitious feeUugs of any people not 
fortified by religion and philosophy. 

654. The colors of the polar lights are of various tints. The 
rays or beams are steel grey, yellowish grey, pea green, celandine 
green, gold yellow, violet blue, purple, sometimes rope red, crim- 
son red, blood red, greenish red, orange red, and lake red. The 
archej are sometimes nearly black, passing into violet blue, grey, 
gold yellow, or white bounded by an edge of yellow. The luster 
of these lights varies in kind as well as intensity. Sometimes it 
is pearly, sometimes imperfectly vitreous, sometimes metallic. 
Its degree of intensity varies from a very faint radiance to a 
light nearly equaling that of the Moon. 

655. Many theories have been proposed to account for this 
wonderful phenomenon, but there seems to be none which is 
entirely satisfactory. One of the first conjectures on record 
attributes it to inflammable vapors ascending from the Earth 
into the polar atmosphere, and there ignited by electricity. Dr. 
Halley objects to this hypothesis, that the cause is inadequate 
to produce the effect. He was of opinion that the poles of the 
Earth were in some way connected with the aurora ; that the 
Earth was hollow, having within it a magnetic sphere, and that 
the magnetic effluvia, in passing from the iiorth to the south, 
might become visible in the northern hemisphere. 

656. That the aurora borealis is, to some extent, a magnetical 
phenomenon, is thought, even by others, to be pretty clearly 
established by the following considerations : 

(1.) It has been observed, that when the aurora appears near 
the northern horizon in the form of an arch, the middle of it is 
not in the direction of the true north, but in that of the mag 
netic needle at the place of observation ; and that when the 
arch rises towards the zenitb, it constantly crosses the heavens 
at rigbt angles, not to the true viagtietic meridian. 

654. What said of Uie colors^ ko*, of these polar lights? 6&5. Is there a satisfactor] 
explanation of these phenomena? What conjecture? Or. Halley*s objection? His owr 
dinfrular opinion? 6M. What evidesced ibat the Aurora JBorealia i« of magnetii 
origia? 
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(2.) When the beams of the aurora shoot up so as to pass 
;he zenith, which is sometimes the case, the poitit of their con- 
vergence is ill the direction of the prolongation of the dipping 
needle at the place of observation. 

(3.) It has also been observed, that during the appearance of 
an active and brilliant aurora, the magnetic needle often becomes 
restless, varies sometimes several degrees, and does not resume 
its former position until after several hours. 

From these facte, it has been generally inferred that the aurora is in some way con- 
nected with the magnetism of the Eartli ; and that the simultaneous appearance t.f the 
meteor, and the disturbance of the needle, are either related as cause and effect, or as 
the camnum reituU of some more general and unknown cause. 

65 T. Dr. Young, in his lectures, is very certain that the phe 
nomenon in question is intimately connected with electro-mag- 
netism, and ascribes the light of the aurora to the illuminated 
agency of electricity upou the magnetical substance. 

It may be remarked, in support of the electro-magnetic theory, that in magnetism, the 
agency of electricity is now clearly established,- and it can hardly t)e doubted that the 
phenomena both of electricity and magnetism are produced by one and the same cause ; 
Inasmuch as magnetism may be induced by electricity, and the electric spark has been 
drawn from the magnet. 

658. Sir John Hcrschel also attributes the appearance of the 
aurora to the agency of electricity. This wonderful agency, says 
he, which we sec in intense activity in lightning, and in a feebler 
and more diffused form traversing the upper regions of the 
atmosphere in the northern lights, is present, probably, in 
immense abundance in every form of matter which surrounds us, 
but becomes sensible, only when disturbed by excitements of 
peculiar kmds. 

PARALLAX OF THE HEAVENLY BODIES. 

659. Parallax is the difference between the altitude of any 
celestial object seen from the Earth's surface, and the altitude 
of the same object seen at the same time from the Earth's cen« 
ter ; or it is tlie angle under which the semi-diameter of the 
Earth would appear, as seen from the object. 

The tnve place of a celestial body is that point of the heavens 
in which it would be seen by an eye placed at the center of the 
Earth. The apparent pla<x is that point of the heavens where 
the body is seea from the surface of the Earth. The parallax 

657. Dr. TouDK*8 opinion ? What remark in support of his views f C53. Sir John 
Uerschel's opinio u ? 659. Parallax? True place of a celeittial body? Apparent? 
When parallax greatest? Least? Called what, and why * What oluecU the greatsn 
parallax V 
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of a heavenly body is greatest vhen in the horizon, and is 

tbence called the korizoiUal fUToUax. Parallax decreases as the 
body ascends towards the zenith, at which place it is nothing. 



660. As the effect of parallax on a heavenly body is to depress 
it bdme %ti irne plate, it most necessarily affect its right ascun- 
eion and declination, its latitude and longitude. On this account, 
the parallax of the Sua and Moon must be added to their 
apparent altitude, in order to obtain their true altitude. 

661. The principles of parallax are of great importance to 
astronomy, as they enable us to detennine the distances of the 
heavenly bodies from the Earth, the magnitadea of the planets 
and the dimensions of their orbits. 

The Sun's horizontal parallax being accurately known, the 
Earth's distance from the Sun becomes known; and the Earth's 
distance from the Snn being kuown, that of all the planets mny 
be known also, because we know the exact periods of their 
sidereal revolutions, and, according to the third law of Kepler, 
the squares of the tiroes of their revolutions are proportional to 
the cubes of their mean distances. Hence, tlie first great 
desideratum in astronomy, where measure and mi^itude are 
concerned, is the determination of the true parallax. 
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learned nations in Eorope, the Ban'i mean horisontal parallax was settled, aa tb« n.«.4l 
of their united observations, at 0* 0' 8'.6T76. Now the value of radios, expressed IOm- 
vise in seconds, is 8062M'.8; and this divided by S'.57T6, gives 24047 for the distance of 
th«: Sun from the the Earth, in semi-diameters of the latter. If we take the eowOoritU 
semi-dlauieter of the Earth, as sanctioned by the same tr.bunal, at (7924-*-a=:) 89^ utiles 
ve shall have 24047 x 8962=1)5,278,869 miles for the Sun's true distance. 

▲ TABLB Of THS BUH*S PARALLAX IM ALTITDOB. 
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662. The change in the apparent position of the fixed stars, 
caused by the change of the Earth's place in her revolution 
around the Sun, is called their anntial parallax. So immense 
is their distance, that the semi-annual variation of 190,000,000 
of miles in the Earth's distance, from all those stars that lie in 
the plane of her orbit, makes no perceptible diflFerence in their 
apparent magnitude or brightness. 

The following cut will Ulostrate our meaning: 



B 

fir ^ yf^ ♦ 

B 

Ijet A represent a fixed star in the plane of the Earth's orbit, B. At G, the Earth ib 
190,000,000 of miles nearer the star than it will be at D six months afterward ; and yet 
this semi-annual variation of 190,000,000 miles in the distance of the star is so small a 
fraction of the whole distance to it, as neither to increase or diminish its apparent 
brightness. 

663. It is only those stars that are situated near the axis of 
the Earth's orbit whose parallax can be measured at all, on 



662. What meant by Earth's arwinal parallax T Effect of variation of Earth's dts- 
on the fixed stars? Diagram. 668. What stars have perceptible parallax V 
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account of its almost imperceptible quantity. 
So distant are they, that the variation of 
190,000,000 miles in the Earth's place 
causes an apparent change of less than 1' in 
the nearest and most favorably situated 
fixed star. 

Let A represent the Earth on the 1st of January, and B a 
scar observed at that time. Of coarse, its apparent place in 
the more distant heavens will be at C. But in six months the 
Earth will be at D, and the star B will appear to be at £. 
The angle A B ]> or C B E will constitute the parallactic angle. 
In the cut, this angle amounts to about 48*, whereas the real 

parallax of the stars is less than -'-.th of one degree, or 

—-l-^th part of this amount. Lines approaching each other 

thus slowly would appear parallel ; and the £arth*s orbit, if 
filled with a globe of fire, and viewed from the fixed stars, 
would appear but a point of light 1' in diameter ! For a 
splendid diagram illustrative of the annual parallax of the stars, see Map I., of the Atlas. 

ABERRATION OF LIGHT. 

664. In the year 1125, Mr. Molyneux and Dr. Bradley fixed 
ap a very accurate and costly instrument, in order to discover 
whether the fixed stars had any sensible parallax, while the Earth 
moved from one extremity of its orbit to the other ; or which 
is the same, to determine whether the nearest fixed stars are 
situated at such an immense distance from the Earth, that any 
star which is seen this night, directly north of us, will, six 
months hence, when we shall have gone 190,000,000 of miles to 
the eastward of the place we are now in, be then seen exactly 
north of us still, without changing its position so much as the 
thickness of a spider's web. 

665. These observations were subsequently repeated, with but 
little intermission, for twenty years, by the most acute observers 
in Europe, and with telescopes varying from 12 feet to 36 feet 
in length. In the mean time. Dr. Bradley had the honor of 
announcing to the world the very nice discovery made while 
endeavoring to ascertain the parallax of the fixed stars, that 
the motion of light, combined with the progressive vwtion of the 
Earth in its orbit, causes the heavenly bodies to be seen in a differ^ 
ent position from what they would be, if the eye were at rest. Thus 
was established the principle of the Aberration of Light. 

666. This principle, or law, now that it is ascertained, seems 

Amount? Diagram, and explanation. 664. What experiment by Molyneux ana 

Bradley? With what results ? 665. What further observations for the same purposi: V 
What discovery made while investigating the subject of parallax ? What is the aberrti- 
Hon qfUght t 666 What remarks upon the principU or law of observation ? He w le 
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not ooly very plain, but self-evident. For if light be progres- 
sive, the position of the telescope, in order to receive the ray, 
must be different from what it would have been if light had 
been instantaneous, or if the Earth stood still. Hence the pl&c€ 
to which the telescope is directed will be different from the \rae 
place of the object. 

The quantity of this aberration is determined by a simple 
proposition. The Earth describes 69' 8" of her orbit in a day 
=3548", and a ray of light comes from the Sun to us in 8' 13" 
=493": now 24 hours or 86400" : 493: :3548: 22"; which 
is the change in the star's place, arising from the cause aboYO- 
mentioned. 



CHAPTER XVIII. 

PRACTICAL ASTRONOMY—REFLECTION AND REFRAu- 

TION OF LIGHT. 

667. Practical Astronomy has respect to the mtans employed 
for the acquisition of astronomical knowledge. It uicludes the 
properties of light, the structure and use of instruments, and 
the processes of mathematical calculation. 

In the present treatise, nothing ftirther will be attempted than a mere introduction tc 
practical astrunomy. In a work designed for popular use, mathematical demonstrations 
would be out of place. Still, every student in astronomy shoutd know how telescopes are 
made, upon what laws they depend for their power, and how they are used. It ia for thU 
purpose mainly that «e add the following chapters ou practical astronomy. 

PROPERTIES OF LIGHT. 

668. Light IS that invisible ethereal substance by which we 
are apprised of the existence, forms, and colors of materia! 
objects, through the medium of the visual organs. To this sub- 
tile fluid we are especially indebted for our knowledge of those 
distant worlds that are the principal subjects of astronomical 
inquiry. 

669. The term light is used in two different senses. It may 
signify either liglit itself, or the degree of light by whicn we are 
enabled to see objects distinctly. In this last sense, we put light 

it\e qwtntity ot aberration determined? 667. Subject of Chapter XVIII.? What is 
practical antronornt/ f How far discussed in this treatise ? 668. Deiine li^^bt:. For 
what indebted to it? 669. Different senses in which the term is osedf Wliat l6 
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in opposition to darkness. Bat it should be borne in mind, that 
darkness is merely the absence of that degree of light which is 
necessary to human vision ; and when it is dark to us, it may be 
light to many of the lower animals. Indeed, there is more or 
less light, even in the darkest night, and in the deepest dungeon. 

** Those unfortunate individuals," says Dr. Diclc, ** who have been confined In the dark- 
est dungeons, have declared, that though, on their first entrance, no ofciject could be per- 
ceived, perhaps for a day or two, yet, in the course of time, as the pupils of their eyes 
expanuetl, they could readily perceive rats, mice, and otlier animals that infested their 
cells, and likewise the walls of Uieir apartments ; which shows that, even In such situa* 
iioos, light ia present, and produces a certain degree of influence.** 

670. Of the nature of the substance we call light, two theo 
ries have been advanced. The first is, that the whole sphere of 
the universe is filled with a subtile fluid, which receives from 
luminous bodies an agitation ; so that, by its continued vibra- 
tory motion, we are enabled to perceive luminous bodies. This 
was the opinion of Descartes, Euler, Huygens, and Franklin. 

The second theory is, that light consists of particles thrown 
off from luminous bodies, and actually proceeding through space. 
This is the doctrine of Newton, and of the British philosophers 
generally. 

Without attempting to decide, in this place, upon the relative merits of these two hypo- 
theses, we shall use those terms, for convenience sake, that indicate the actual passage 
of light from one body to another. 

6*71. Light proceeds from luminous bodies in straight lines, 
and in all directions. It will not wind its way through a crooked 
passage, like sound ; neither is it confined to a part of the cir- 
cumference around it. 

As the Sun may be seen from every point in the solar system, and far hence Into space 
*n every direction, even till he appears but a faint and glimmering star, it is evident that 
he fills every part of this vast space with his beams. And the same might be sauf of 
every star in the firmament. 

672. As vision depends not upon the existence of light merely, 
but requires a certain degree of light to emanate from the object, 
and to enter the pupil of the eye, it is obvious that if we can, 
by any means, concentrate the light, so that more may enter the 
eye, it will improve our perception of visible objects, and even 
enable us to see objects otherwise wholly invisible. 

Some animals have the power of adapting their eyes to the existing degree of light. 
The cat, horse, Ac, can see day or night ; while the owl, that sees well in the night, sees 
poorly in the day-time. 

673. Lif^ht may be turned out of its course either by reflection 

dark* less f Can it be dark and light at the same time? Is there any plnce withoa^i 
light ? Quotation from Dr. Dick ? 670. What theories of the nature of light, and by 
wiiom 8Upi>orted respectively? Remark of author? 67 i. How light proceeds fron; 
*aminou8 bodies? Radiations from Sun and stars? 672. How improve viaion, am? 
vby '{ Animals ? 678. How ia li^t turned out of its course ? 
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or rtfrachon, lt\&rtJUeUd when it falls npon the highly polisheil 
surface of metals and other intranspareut substances ; and 
rtfracled when it passes through transparent substances of diffe- 
rent densities, as already illustrated in Chapter XYI. 



REFRACTION BY GLASS LENSES. 



674. A lens is a piece of gloss, or other transparent substance, 
of such a form as to collect or disperse the rays of light thai 
are passed through it, by refracting them out of a direct coarse. 
They are of different forms, and have different ponrers. 



In the a(V'>Ining cut, we have an edgewise 
Tiew of six diflerent lenses. 

A ii the plano-^xmveOR, or half a double con- 
Tez lens ; one side being convex and the other 
plane. 

B is A plano-eoncave ; one surface being con- 
cave, and the other plane. 

C is a dotibU-cwMDea lens, or one that is 
bounded by two convex surfaces. 

I> is a d€vbU-'Conca'O0 lens, or a circular piece 
of glass hollowed out on both sides. 

K is a eoneawi-coniDt» lens, whose curves 
differ, but do not meet, if produced. 

F is a fiMniscfM, or a concavo-convex lens, 
the oonres of whose surfaces meet. 



LBHSn or SirFXRIENT ftMUCS. 

A B D B 




675. A donbU'cmivex lens 
converges parallel rays to a 
point called the focus; and 
the distance of the focus 
depends upon the degree of 
corvbxity. 

In the first of these cuts, the lens is 
quite thick, and the focua of the rays is 
quite near; but the other being lesK 
convex, the focus is more distant. 

676. The distance of the 
focus of a double-convex glass 
lens is the radius of the sphere 
of its convexity. 

In this cut, it will be seen that the 
parallel rays A are refracted to a focus 
at G, by the double-convex lens B, the 
convexity of whose surfaces is just equal 
to the curve of the circle D. 

677. The focal distance of 
a plaruhcmivez lens is equal to 
the diameter of the sphere 
formed by the convex surface produced. 



UQHT BKFRACTKD BT LBNSXS. 




DOUBLX CONVEX — ^FOGAL DISTAKCB. 




«T4. What is a knsf Draw and describe different kinds. 675. R<;fracting povx:r Of 
dvubh-conveoolenai Focal distance? Diagram, and illustrate. 676. How focal dl> 
taac« governed ? Diagram, and illustrate. 677. What i* the focal distance of r> 



ItKrLECTlON AND EBFRACTION OF LIGHT. 
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678. A doable-am- 
a'ct 'leus ditptrtes pa> 
rallel rays, as if they 
diverged from the cen- 
ter of a circle formed 
by the convex surface 
produced. 



679. Common Bpectacles, opera-glasses, buroing-glasses, and 
refracting telescopes are made by converging light to a focus, liy 
the use of double-convex lenses. 
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KSmCTIOH BT ▲ FLAim MUtKOU. 




REFUCTIOM BT ▲ OOMCATK MUUiOB. 



BEFLECnON OF UGHT. 

680. We have now shown how light may be turned out of its 
coarse, and analyzed, dispersed, or converged to a point by 
rtfradwn. Let us now consider how it may be converged to a 
focus by TtJUUion. 

When light falls upon a highly-polished surface, especially of 
metals, it is rtJUcted or thrown off in 
a new direction, and the angles of 
contact and departure are always 
equal. 

Let ▲ B represent the polished metallic surface, 
the source of light, and the arrows the direction 
of the ray. Then D would represent the angle of 
incidence or contact, and B the angle of reflection 
or departore— which angles are seen to be equal. A. /i i i v B 

681. A concave mirror re- 
flects parallel rays back to a 
focus, the distance of which 
is equal to half the radius of 
the sphere formed by the 
concave surface produced. 

In this cut, the parallel rays A fall 
upon the concave mirror B B, and are 
reflected to the focus C, which is half 
Die radius of the sphere formed by the 
surface of the mirror produced. If, 
therefore, it was desirable to construct 
a concave mirror, having its focus 10 
feet distant, it would only be necessary 
to grind it ou the circle of a sphere 
Having a radius of 20 feet. 

682. In reflection, a por- 
tion of the light is absorbed 
or otlierwise lost, so that a 
reflector of a given diameter 
will not converge as much light to a focus as a double-convex 
lens of the same size. In the latter case all the light is trans- 
Initted. Still, reflectors have been found of such power as to 
melt iron, and other more difficult substances. 

We have now considered so much of optics as is necessary to an understanding of the 
principles upon which telescopes are constructed; and, for further particulars, shall 
refer tliu student to books on Natural Philosophy. 




680. What now shown in this chapter f What next f What is rfftetiion^ and when 
^oes it taice place? What law governs it? DiafrrHm. 6S1. How does a C07usa9t 
mirror reflect parallel rays I Distance of focus f Diagram. How would you construct 
a concave mirror with a 10 feet focus? 682. Is all the light DUling upon a poliahct 
surftce reflected ? What then ? Closing note ? 
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CHAPTER XIX. 

TELESCOPES— REFRACTORS AND REFLECTORS. 

683. A TELESCOPE is an optical instrument employed in new* 
ing distant objects, especially the heayenly bodies. The term 
/et£scflpe is derived from two Greek words, Yiz.,-/e/e, at a distance, 
and skopeOj to see. So far as is now known, the ancients had no 
knowledge of the telescope. Its invention, which occurred in 
1 609, is usually attributed to Galileo, a philosopher of Florence, 
in Italy. 

The dlscoiMry of the principle upon which the refracting telescope is constructed waa 
purely accidental. The children of one Jnnsen, a spectacle-maker of Middleburgh. in 
Holland, being at play in their father's shop, happened to place two glasses in such a 
manner, that in looking through them, at the weathercock of the church, it appeared to 
be nearer, and much larger than usual. This led their father to fix the glasses apon a 
board, that they might be ready for observation ; and the news of the discovery was soon 
conveyed to the learned throughout Europe. Galileo hearing of the phenomenon, sooc 
discovered the secret, and put the glasses in a inbe^ instead of on a board ; and thus the 
first telescope was constructed. 

684. The telescope of Galileo was but one inch in diameter, 
and magnified objects but 30 times. Yet with this simple 
instrument he discovered the face of the Moon to be full of ine- 
qualities, like mountains and valleys ; the spots on the Sun ; tho 
phases of Venus ; the satellites of Jupiter ; and thousands of 
new stars in all parts of the heavens. 

Notwithstanding this propitious commencement, so slow was the progress of the 
telescope towards its present state, that in 1816, Bounycastle speaks of the 80-fold mag- 
Qifying power of the telescope of Galileo as *' nearly the greatest perfection tliat this 
idnd of telescope is capable of I" 

685. If he be the real author of an invention who, from a 
knowledge of the cause upon which it depends, deduces it from 
one principle to another, till he arrives at the end proposed, 
then the whole merit of the invention of the telescope belongs to 
Galileo, The telescope of Jansen was a rude instrument of mere 
curiosity, accidentally arranged ; but GaliUo was the first who 
constructed it upon principles of science, and showed the practi- 
cal uses to which it might be applied. 

It is said that the original telescope constructed by Oalileo Is still preserred in the 
British Museum. A pigmy, indeed, in its way, but the honored progejiitor of a race of 
grants I 

686. The discovery of the telescope tended greatly to sustain 

688. Subject of Chapter XIX. ? Telescope ? Derivation ? Ancient or modern ? In- 
ftmtorf Incidents of discovery? 684. Galileo's telescope? Discoveries with it? 
Progress in telescope making? 686. Is Galileo entitled to the honor of inventing the 
tclooooi« r Where is bit ? 686. Ralatloto of discovery to CrpvrBicaa tbmry t fiflSDOti 
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the Copernic&n theory, which had jnst been promulgated, and o! 
which Galileo was an ardent disciple. Like Gopemicas, how 
ever, his doctrines subjected him to severe persecutions, and he 
was obliged to renounce them. 

The fdllovlng la hli renaneiittloii, made June 88, IttS : " I, CklUeo, In the soyentieth 
year of mj a|^, on bended knees before joar eminences, having before my eyes and 
touching with my hands the Holy Gospels, I curse and detest Uie error of the Earth's 
movement.** As he left the covrt, however, after this forced renunciation, he is said to 
hare stamped upon the Earth, and exclaimed, " It does move, after all?** Ten years 
after this, he was sent to prison for the same supposed error ; and soon, his age advanc- 
ing, the grave received him from the malice of his persecutors. 



DIFFERENT KINDS OF TELESCOPES. 



68 1. Telescopes are of two kinds — Reflectors and Rrfracttvrf. 
Refracting telescopes are made by refracting the light to a focus 
with a glass lens (6t5) ; and reflecting telescopes, byreflecling 
it to a focus with a concave mirror (681). Besides this 
general division, there are various kinds both of reflectors and 
refractors. 

Telescopes assist vision in varioui ways — first, by enlarging the vltaal angle under 
which a distant olject is seen, and thns magnifying that ot|}ect; and, secondly, by 
conyerging to a point more light than could otherwise enter the eye--Uiu8 rendering 
ol^ects distinct or visible that would otherwise be indistinct or invisible. 

All the light falling upon a six or a twelve inch lens may be converged to a focns, so 
as to be taken into the human eye through the pupil, which is but one-fourth of an inch 
In «liameter. Our vision is thus made as perfect b; art as if nature had given us ability 
to enlarge the eye till the pupil was a foot hi diameter. 

688. Refracting telescopes may consist of a double-convex 
lend placed upon a stand, without tube or eye-piece. Indeed, a 
pair of ordinary spectacles is nothing less than a pair of small 
telescopes, for aiding impaired vision. 

avaACTUio tklboopb with ▲ bivols 




Here the parallel rays are seen to pass through the lens at A, and to be so converge 
to a point as to enter the eye of the beholder at B. His eye is t^ms virtually enlarged to 
Lie size of the lens at A. But it would be very difficult to direct such a telescope toward 
oelestial ot^jeots, or to get the eye In the focus after it was thus directed. 



upon CialUeo^ His renunciation? Death? 687. Kinds of telescopes? Dcecrilns 
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689. The GroUkan teUseope consists of two glasses — a dauhki' 
ionvez next the object, and a doable-concave near the eye. The 
former converges the light till it can be received by a small 
doable-concave, by which the convergency is corrected (502), 
and the rays rendered parallel again, thoagh in so small a beam 
as to be capable of entering the eye. 




Here the light to conTerged bj the I«ii A, till it ean be reoeired by the donbleHsoncaTe 
lens B, by ▼hich the rays are made to become a email parallel beam that can enter the 
eye at 0. Thii was the form of the telescope constructed byi/imsen, and improved by 
Galileo ; on which aoeount it is oalled the GaUiean Mescops, In the oat, the two lenses 
are represented as liutened to a boeurd^ as first exUbited by Jansen. 

690. The common astronomical telescope consists of two 
glasses — viz., a large doable-convex lens next the object, called 
the object-glass; and a small doable-convex lens or microscope 
next the eye, called the eye-piece. For the greater convenience in 
using, they are both placed in a tabe of wood or metal, and 
mounted in various ways, according to their size, and the pur- 
poses to which they are devoted. 

UOnn PLAOBD DC ▲ TUBB. 




A to the olifeet-iflaM^ B the «ye-j9Me0, and the plaee where the tube, in which the ^e- 
piece to set, slides in and oat of the large tul>e, to adjust the eye-piece to the focal dis- 
tance. By placing the lenses in a tabe, the eye to easily placed in the focus, and the 
object-glass directed toward any desired oliiiect. 

691. The objectrglass of a telescope is usually protected, when 
not in use, by a brass cap that shuts over the end of the instru- 
ment ; and the eye-pieces, of which there are several, of differ- 



669. ^aKIeow telescope? Wbyoalled (WUeattt 690. How common astrooomiea/ 
t?Ic4cop«s m4dor Why m tatblef 601.«.Bow ol^eoi-glMs protected f Wh'il nld 9f 
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CDt magnifying powers, .^^cnMQ tblboofb .ooimD <« a jllbd. 
are so fixed as to screw 
into a small movable tube 
in the lower end of the 
instrament, so as to adjust 
them respectively, to the 
fot^us, and to the eyes of 
different observers. Such 
telescopes usually repre- 
sent objects in an invert- 
ed position. 

The adjoining cut represents the 
simplest form of a monnted refrac- 
tor. The ol^ect-glass is at A, where 
the brass cap may be seen cover- 
ing iL B is the smail tube into 
which the eye-piece is screwed, and 
which is moved in and oat by the 
small screw 0. Two eye-piecea 
may l>e seen at D— one short one, 
foe astronomical observations, and 
a long one, for land objects. For 
viewing the Snn, it is necessary to 
add a screen, made of colored 
glass. At £, a bolt goes into u 
socket in the top of the stand, in 
which it turns, allowing the tele- 
scope to sweep around the horJxon ; while the joint, connecting the snddle in which Ut4 
telescope rests with the top of the bolt, allows it to be directed to any point between the 
horizon and the senith. But such stands answer only for comparatively small instruments. 

692. Refracting telescopes are mounted in various ways. 
So important is it that they should not shake or vibrate, that, in 
most observatories, the stand rests upon heavy mason-work in 
no way connected with the building, so that neither the wind 
nor the tread of the observer can shake it. They are then fur- 
nished with a double axis, which allows of motion up and down, 
or east and west ; and two graduated circles show the precise 
amount of declination and right ascension. 

They are often furnished with clockwork, by which the telescope is made to move 
wesiward just as fiast as the Earth turns eastward ; so that the celestial object being 
once found, by setting the instrument for its right ascension and declination, or by the 
aid of the Finder — ^a small telescope attached to the lower end of the large one — it may 
be kept in view by the clockwork for any desirable length of time. A telescope thus fur- 
nished with right ascension and declination circles is called an Equatorial^ or is said to 
be equatorUMy mouniedy because it sweeps east and west in the heavens parallel to the 
equatoi . 

693. The object-glasses of telescopes are not always made of 
a single piece of glass. They may be made of two concavo-con- 
vex glasses, like two watch crystals, with their concave sides 




69d; How refractors mounted, and why? When equatorial, and why f 
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towards each other, or with a thin doable concaFe glass between 
them. They are thus double, or triple ; but when thus con- 
structed, the whole is called a Utis, as if composed of a single 
piece. 

Leuses have also been formed by putting two concayo-conyex gUssei together, and 
filling the space between them with some transparent fluid. These are called Barlow 
lenses, from Prof. Bariow, their inventor. 

694. As a prism analyzes the light, and exhibits different 
colors, so a double convex lens may analyze the light that falls 
near its circumference, and thus represent the outside of the 
heavenly bodies as colored. But this defect is remedied by 
using discs made of different kinds of glass, so as to correct one 
refraction by another. Refracting telescopes thus corrected are 
called Ach/ranuUic telescopes. 

AehromaUc Is from the Greek a chromn^ whieh signifies destitute of color. Most 
refracting telescopes are now so constructed as to be acliromatic. 

695. It is but recently that any good refracting telescopes 
have been made in this country. The best have formerly been 
made in Germany and France ; but a number of very fine instra- 
ments have been made in this country, most of them by Mr* 
Henry Fitz, Jun., formerly of New York City. Several very 
good instruments have also been made by Alvan Clark, Esq., of 
Boston, and others still by Charles A. Spencer, Esq., of Troy, 
K Y. Mr. Fitz died in New York, November 27, 1863. 

1. The author was personallr well acquainted with Mr. Fits, and during his life gav« 
fikvorable deftcrintiuns of his instruments In these pages, and did all that he could to 
make his capabilities known to the American public He made his first telescope in 
1885. In the Winter ot 1844 he invented a method of perfecting object-glasses for refract- 
ing telescopes, making the first one of tho bottom of an ordinary tumbltir. In the FaU 
of 1845 he exhibite<i, at the Fair of the American Institute, an instrument of 6 inches 
aperture, which, although made of common American material, in the way of flint glass, 
was a very excellent instrument. Continually progressing in size, he flnalfy succeeded in 
making instraments of 16 Inches aperture, one of which is now in the possession of Mz. 
Van Duzee, of Buffalo, N. T. He made two of 18 inches — one for the Dudley Observa- 
tory, at Albany, and the other for an as8<»c1ation of gentlemen, at Alleghany City, Pa. 
Of 12 inches aperture, he produced one for the Observatory at Ann Arbor, Michigan, and 
another for the Vassar Female College. He made for M. L. Rutherford, of New York, 
at various times, telescopes of 4, 51, 6, 9, and 11^ inches aiKirture ; the last, an instrument 
of remarkable defining power, is now mounted in Mr. Eutherford^s Observatory, i& 
Eleventh Street, New York City. Mr. Vickers, of Baltimore, has a 10-inch. Several 
of the size of 8 and 9 inches are scattered over the country. The British Chaiv6 d^ Af- 
faires at Montevideo has a 9-inch. Mr. Campbell, of New York, has an 8-inch. Of a 
Urge number of 6 inches ap<^rture, one very fine instrument was ordered by the United 
States Government, for Lieut Gillies^s expedition to Chili ; it is still in the Observatory 
of the Chilian Government. At about the same time, he made another of the same size 
for Mr. Kobert Van Arsdale, of Newark. N. J. Mr. Thomas F. Harrison, Prinoiiial of tho 
Public Grammar School in Greenwich Avenue, New York, has another mounted on that 
building. 

2. For a list of telescopes in this country, with the names of their respective raakem 
Iboal length, size of object-glasses, Aic, see table on subsequent page. 

<9Sl What said of the manufacture of telescopes.? What olhar Amerimns hare ouds 
Oem? (What said 6f Mr. Fits r T«lM0O|^f) 



691. Tlie above cut represents an equatorini telescope inana 
fnctured by Mr. Henry Fitz, of New York — the oDe used by 
tlie author in making most of his observations. Its object- 

flass is six inches in diameter, Had its focal length eight feet. 
t is perfectly achromatic, and performs all the tests laid down 
in Dick's Practical Astronomer, as evidence of a good instm- 
ment, with perfect ease. Under favorable circumstances, it 
slion's tbe sixth star in the trapezium of Orion, and to show 
Polaris double is a very easy test Indeed. 

A Flndtr ia Kcn BttHlieil to tbe lower etui <if lb* Jtrgf, tnatrnmenL It tikM tn B 
lunci B*ld nr Ttew tn tbe hwens UmD the bttur, und eneblea the obHrrarts kwli un 
obTtcti Titb Eiallliy. init Mii( tfam tnta Itie Held of t^e terr< lB«mn«nt 
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697. This instrnment is located in the Observatory of the High- 
Bi-hool or Philadelphia. Its focal length is eight feet, and its 
aperture aix inches — the same as the one od the preceding page. 
It was made by Merz & Mahler, of Munich, and cost $2,200. 

• We m iDd«bl*d to tfa« i 

Cn Tb> PUkdalpblk nPutort Slnt Bt whom lude r CQltf 



688. Thia inatnunent has a focal length of sixteen feet, with 
an object^lass thirteen -and-a-half inches in diameter. Its focal 
length is uierefore abont four feet less than is usual in the Ma- 
nich instruments of the same aperture. The flint and crown 
glass discs for it were imparted from Germany, and the instru- 
ment was made by Messrs. Spencer & Eaton, of Canastota, N. T., 
at a cost of $10,000. It Is reported to be a very superior tele- 
scope, and, in workmanship, is regarded as fully equal to the 
Munich instruments, 

tea. Btio or lh« Hamllba CtJKte letHBope) Wlut paguUuittt w la l*D|Ui r B' 
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609. The above cut represents one of tlie b 
the United States. It is located ia the observatory on Moun*. 
Adaitis, near Cincinnati, Ohio, and was for several years u 
the direction of the late Prof. O, M. Mitchel, by whose in 
mentality it was purchased and mounted. 

Thf obJect-iliiM Is sbont 13 Inches in dlnmoler, with B ftjcal dlslaiTCO of n fei 
was parcbostd Id Uooidi. QcnuitDy. In IBM. at an axpeasn of neiai^ Itn lAoi 



flB». ClBClnnsUrefTMlop— "There looilalt '!y "hom purcUsacaf (Whra.;? Whonl 



700. Tbii Bnperb instrument is monnted in tue Dnaiey Ob- 
servatory, at AlMny, and is one of the ino«t important inatra> 
meats in America. Its focal length is IS feet S inches. The 
(ibject^lass, made by the late Heniy F^tz, of New York, is 13 
inches clear apertmv, and the tube is of mahogany, constructed 
by glueing together strips of abont an inch in width. A fittder, 
or smalt telescope for finding objects, is seen attached to the 
lower end of the largeinstrument. 



na Wban lonUd! BI»I B7 whom modaT Whiit widof tabil Ilatel 



REFRACTING TBLBSCOrEB. 



701. TbU is probably the best insri uinent in the United dtatetf. 
Its object^liuB is 15 inches in dtanK-ter, witii a focal length of 
22 feet 6 incnes. It has eighteen different powei'S, ranging from 
103 to 2,000. It was made by Merz & Mahler, of Munich, Ba- 
varia, and cost $19,842. 



1. CnmpmUTanlDsI SluT MiKalQriog powin t Bj wUnm midet UoeCuC 



702. This is the lai^st refracUng telescope ever constracted 
Tlic object-glass is two feet in diameter, with a focardistance of 
16 feet. '!Che tube is of heavy sheet iron, and shaped somewhat 
like a cigar. It is 13 feet iu circumference in the lai^st pla^e. 
and weighs aboat three tons. 



Thli M^tcopt U n»|»iid«] frnm ■> hrlck tow«-, «S fcel Wgh. IS fcet <■■ 
■eiKh:n|ffi« uiiii. The lap or Ihe lonr, [nm wfakh tbt iclncopc li v 
nlivi ; and bj ■ chain rvniXns bvm- pullirn. and ■ ve^ht anil icindlaM, i 


uiKnded, ni- 
ls balan^. 


Ibt ra:irnil arouDd Um tsnr, at Ibe dl>l>n« oT U feet fnm lutancr. B 

hopccgf Il.cKcT.Mr.Cr.i|[.«Kderwho>« dlrwilop, and al >!»» eipen> 
etmclHl. II l> loaud at nuidiwonb Common, near London. 


IhoK nicang 



ralE IcIeKojie. Object E<aa>T Focal d 
"^IralH^'lelwupe? ItlieR IncaUd F 



TRAKSIT HfSTRUUBNTB. 



VOS. i I'ranait InstruTtunt is & telescope used for observing! 
tbe trai.«it3 of celestial objects across the meridian, for the pur- 
poBc of determining differences of right ascension, or obtaining 
correct time. They are usually from six to ten feet long, and 
are moiioted apoii a horizontal axis, between two abutments of 
mason-work ; so that.tbe instrument, when horizontal, will point 
exactly to the south. It will then take objects in the heavens, 
when they are exactly on the meridian. 

The Transit Instrument and Mural Circle have been combined 
in one instrument, called a Meridian Circle, as shown on a aub- 
sequcnt page, 

Let A Din the mtt rr[ire9«i>t the telrKope. and E snd W the out undweit ibutmenlj. 
Iwlween wblcb Itliplu-rd. On the letttl seen. ntUicbril to Itie tnotuo wi>rk. ugnidiinttd 

clnk. vliFD ths [rtcH'npt Is lieirininul: then irihe merldinn iil't1iuili-<>rtliv uhjii:! loh: 



Lruinent fur tb* iltlUdf of ■ 



AMraoxom. 



704. This instnimcDt is located in the National Observatory 
at Washington, D. C. It is monated upon piers of granite, which 
rest firmly npon a foondation of stone, eitending ten feet lielow 
the surface of the ground. The object-^lass was fiirnisihed by 
Mera & Mahler, and the iDstruinent was constructed by Ertel « 
Son, Munich. The entire cost was tl,4S0. 

TtlL TTIii-Kloealeil* Uov muuDtsd T Brwbommidit Ount? 



TUANBIT IHBTRUUIHTB, 



705. This is a Boperior transit instrument, with a mural circle 
attached. It is located in the east wing of the Dudley Ohserva- 
tory, at Albany, N, Y., and rests upon piers of Lockport lime- 
stone, wLich rest upon a bed of sand and gravel, 80ine ten feet 
below the floor of the cellar. Taken as a whole, it is probably 
the be»t transit instrument in the United States. 

1, A JTumf C(rc2e!9s1iirEe rrsAniibiil circle, wlUi n teleKone croetloirlta center, nted 
for <tienieuiiri>meDt of LbedlltudraBadicDlllidlstuicesiif Iilell»vel1lFb^■lle^lt tba 
iMlant of Ihclr croMlnp Ibe meridian. Thej ore ganally flied up.in ■ fmriionlal iilt, 
' tbut iDroa In a aockgl annl/ Sied Id a north mil Bwitii wall. The d^)iteea. minntea, 



he oWoet 



The Mural Ctrule 



L'j"w 



JOB. Where loaalfdl How moontedt ComparatWe Importanee t What 
Or^t [Jut HuwiwiaUt DunintAdr Hoo i)oinblDed> WhalcallMlr 




328 ABTROHOMY. 

1 The old Mnn] Cirda ft no«*beiiig n^ldlf sapnaeded by the Meridiaa Cirole ts 
the beet obeerratorteA. 

706. A Comet Seeker is a re- ▲ ooxn seubb. 

fracting telescope with a large 
aperture and short focal distance. 
As comets cannot be found by 
their right ascension and declina- 
tion, but often have to be 
searched np, by sweeping around 
the heavens with a telescope, be- 
fore they became visible to the 
naked eye, it is important to 
have telescopes that will cover 
considerable space — ^that is, of 
wide aperture and short focal distance. Such a telescope was 
made by Mr. Fitz for Miss Mitchcl, of Newport, R. I. 

Miss Mltchel is sa amateur astronomer, and has the honor of haying discovered a num- 
ber of new comets. 

^07. An Astronomical Clock is a clock adapted to keep exact 
sidereal time. Taking the vernal equinox in the heavens as the 
zero point, and reckoning 24 hours eastward to the same point 
again, the time — ^reckoning 16° to an hour — when an object 
crosses the meridian, will always represent the right ascension 
of the object. Hence right ascension is usually given in hours, 
minutes, and seconds; or in time by the astronomical clock, set 
by the vernal equinox. 

Professor Mltchelf we believe, made some valuable improvements in astrr>num'cal 
elocks. A very fine instrument of this kind is located in the Dudley Observatorv« at 
Albany, N. Y. 

REFLECTINQ TELESCOPES. 

708. The Rejiecting TelescojK is one in which the light is con- 
verged to a focus by means of a concave metallic reflector or 
fipeculum. Like the Refractors^ they may be constructed with 
very little mounting ; though for convenience in use, it is neces- 
bary to place the reflector in a tube. 

The student sbonld fnlly understand the difference between the two kinds of tele- 
b«>opcs, viz. : refractors and refitcton. In one respect they are alike, as they both con- 
w»»rge the rays of lijrht to a focus; but they do it by widely diflPerent processes, us tbs 
following pages will show. 

706. What is a comtt seeker f Why necessary? 707. What is an Astronomical 
clock? 709 Diiscribe a reflecting telescope. Simplest form ? 



. 



OIFlTERSiri XIND8 Of TELKSOOPEB. 



829 



sxiinJBT fmof or a itVLaonio ranaacon 




Id this eat, the light A is seen passing from the ofevfect on the right, and falling' upon 
the concave surface of the reflector at B, from which it is reflected back to a focus, und 
enters tlie eyie of the obaeryer at 0. This telescope has no eye-piece. 

708. The focal distance of a concave reflector is equal to half 
the radius of the sphere formed by the concave surface pro- 
duced. Hence to grind a reflector for a focus, of 20 feet, it will 
be necessary to have the curve that of a circle whose radius is 
40 feet. 



VOOAX. OUSTAirCI or a OOMOAVS nOLBCTOR. 




Here the curve of the speculum B is that of a circle, whose centt:: 
h C ; while the fc'cus of the speculum is at D, which is only halt 
ihe distance from B to 0. 



709. Reflecting telescopes are of several kinds — viz., the Gre- 
fforwrn, the Newtovian, the Cassegranian^ the JHerschdian^ &e 
The Gregorian Rejl^dor has an aperture in the center of the 
speculum, and a small concave mirror in the focus of the sp'^cu- 
um, which reflects the light back through the aperture to the 
eye-piece. In this way the observer is enabled to face the 
object, and to direct the telescope toward it, as if it were a 
refractor. 



708. Fi>cAi distance ? 
Why CO I It -d Q^egoriua? 



709. How many kinds of reflectors? Describe the Grcgoriau. 



880 



ASTBONOMT* 



OMlCOOUAX EBTLMmML 




Here the lisht A fklle npon the specnhnn at B, and is reflected back to the small mir- 
ror C, by which it li thrown ont throafifa the aperture In the specnlmUf to the ey e of tho 
obeerrer at D. The otyect is snppoaed to be off on the right, in the direction towards 
which the instniment is pointed. It is called a Gregorian telescope, after Mr. James 
Gr^ory, who first sofgested the constmetion of reflecting telescopes. 

7lO. The Newtonian ReJUcior is so called after Sir Isaac 
Newton, its inventor. Instead of a concave mirror in the foens 
of the specalnm, he placed a plane mirror there, inclined so as 
to reflect the light to the side of the tnbe, where it was received 
by the observer. 

■IWTOVLUI BXILBCTOB. 




The light from the speenlam is here shown falling npon the inclined mirror in the cen- 
ter, and reflected oot to the eye of the observer. 

711. The Cassegramian Refleclor is so called from M. Casse- 
grain, its inventor. It resembles the Gregorian, except that the 
specnlum placed in the focus of the reflector is convex instead of 
concave. 

The Herschdian ReJUdor differs from all others, in having no 
small reflector whatever ; the light being reflected back to a 
focns at the top of the telescope, and near the edge of the tnbe» 
where the eye-piece is placed, and where the observer sits look- 
ing into the mirror with his back to the object. 

HKRaCBSUAB TBLBSOOPB. 




Here the concave speculum is seen to be inclined a little to the lower side of the tube, 
^ that the parallel rays A are reflected back to the observer at B, at the side of the 
Instrument, where the eye-piece is placed. 

TIO. Newtonian reflectors? Til. Cassegranlan ? Pil^rcnesf Herschellan? Wbcre 
•^yo-piecof How obnervwr fit ? 

14* 
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712. The first telescope conetrncted apon this plan was tliat 
by Sir 'William Herschel, in 1782. This was called his 20 feet 
reflector, and was the instrnmeiit with which he made man; of 
Itis observatioDB npon the double stara. In 1789, be completed 
hiB/orty/ed reflector, nntil recently the largest telei>Gope ever 
constmcted. 



713. The speculum of this instrument la 4 feet in diameter, 3 j 
inches thick, and weighed, before being ground, 2,118 pouiids. 



Tb«! tnbe ia made of eheet iron riveted together, and painted 
wii.hia aud wittiout. 

Tbtl«i|nh<.IlhelolKbWft«4f>wh«.«nd ItiMigMB.SM ponndt lite ele.Ued 



714. This is the largest reflecting telescope ever constrncted 
The speculum, composed of copper and tin, weighed tliree tons as 
it came from the monld, and lost about -Jtii of an inch in grinding. 
It is 5^ inches thick, and 6 feet in diameter. It was cast on 
the 13th of April, 1842, and was cooled gradually in an oven tor 
16 weeks, to prevent its cracking, by a sudden or unequal redac- 
tion of the temperature. This specnlnm has a reflecting sarfact 
of 4011 square inches. The tube is made of deal wood, one 
inch thick, and hooped with iron. Its diameter is seven feet, 
anil its length 56. 



OBSSRTATOBIK8 AITD TKLS800PBS. 
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OBSKXTATOBXBS AITO TBLnOOPSS HT THB VNXTID STATH. 



OBaimvAiomisa. 



Tale OoUeee. 

Wesleyan university. 

Williamft College. 

Hadson,Ohio 

Philodelnhla.. 

West Point 

Washington 

Cincinnati 

Cambridge 

Dartmonth College. 

Georsetown 

Erskfne 

Shelby 

Colambia (S. a) College 

Colambia(Ma) 

Friends, Philadelphia 

Amherst College 

Michigan University 

Dndley, Albany, N. Y. 

Hamilton College 

J. Jackson, near Philadelphia. . . 
Mr. Longstreet, Philadelphia.... 
S. O. Oummere, Burlington, N.J. 

B. Yanarsdale, Newark, N. J 

W. 8. Van Duzee, Buffalo, N. Y. . 

W. 8. Dickie, Elkton,Ky. 

D. Mosman, Bangor, Me. 

J. Campbell, New York 

L. M. Butherford, New York . . . . 



THXIK TXLBSOOPKS. 



Wh«»a 
proetmcL 



1880 
1886 
(1886 
11862 
1887 
1840 
1841 
1844 

u 

1846 
1848 
1849 

u 

1860 

1861 

18Sd 

1846 

1864 

1858 

1857? 

1S57 

1846 

u 

1847 
J1850 
1l851 



M 

1852 



Namo of 
maker. 



Dollond. 

Lerebours. 

Holcomb. 

A Clark. 

Siouna. 

Merz. 

Lerebours. 

Merz. 

u 
u 
tt 

Simma. 
Fitz. 
Merz. 
Fitz. 




Fitz. 



u 
u 

M 
U 
U 

u 
u 



Focal 


leDgth. 


ft. in. 


10 — 


7 — 


10 — 


9 — 


6 6 


8 4 


8 — 


16 8 


17 — 


82 6 


9 — 


7 6 


7 — 


10 4 


8 4 


6 — 


7 — 


8 6 


17 — 


16 2 


16 — 


8 4 


7 — 


6 — 


7 — 


8 4 


11 — 


6 — 


6 — 


10 — 


9 6 



Aperture of 
objMl glaaa. 


CoiL 


inches. 




6 


$1,000 


6 


1,000 


reflector. 




7 




4 




9-6 


1,900 


6,000 


12 


9,487 


16 


19,842 


6-4 




4*8 


1,600 


6-6 


1,050 


7-6 


8,500 


H 


1,200 


4 


225 


6 




Ik 


1,800 


12* 


6,000 


18 


14,500 


i8i 


10,000f 


6 8-10 


1.888 


6 


t 900 


4 


425 


6 


750 


6t 


1,000 


8i 


2,220 


H 


800 


4 


225 


8 


1,150 


9 


2.200 



rOIBION 0B8BBTAT0BIB8 


— TIIEIB LATTTITDB 


AKD LOKGITITDB. 






OBSBRTATORlBSi 




LaUtiMle. 




Lodfcitoda in Tim*. 


Altons. 

Armagh 


58 

54 
52 
50 
52 
88 
55 
53 
53 
66 
51 
51 
54 
48 
88 
48 
50 
41 
45 
48 


82 

21 

80 

61 

12 

56 

40 

22 

28 

57 

81 • 

28 

42 

8 

6 
50 
56 
68 

4 
12 


45 

12.7 

16.7 

10.7 

61.8 

8 
53 
47.1 
18 
28.2 
47.9 
83.2 
60.4 
45 
44 
13 

29.7 
64 

6 
85.6 


N, 

N. 
N. 
N. 
N. 
8. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 


h. 











1 



1 






1 




2 


1 


m. 
89 
26 
58 
17 


13 
60 
46 
25 
12 
89 


22 
46 
68' 

9 

1 

49 
80 

5 


s. 

46.2 
85.6 
84.9 
27.2 
23.5 
56.0 
19.8 
64.6 
22 

43.0 
46.8 
0.0 
0.4 
25.4 
25.5 
21.5 
18.5 
54 7 
48.4 
82 6 


E. 
W. 


Berlin 


K. 


Bmssels 


K. 


Cambridge 


K. 


Cane of Good Hone 


K. 


Copenhasen 


K. 


Durpat .•...•.■•■.•. 


E. 


Dublin 


W, 


£(linbnnrh. 


W 


Gottinieen 


F. 


Green wich. •• 




Koniirsbere 


E. 


Munich... 


K, 


Palermo 


E. 


Piiris 


E 


Petersburg 

Rome 


E 
E. 


Turin 


E. 


Vienna 


E. 



699. Public observatories in this country? Largest telescope? Table? PrfvcVj 
oliaervatories — names? Telesoopes— by whom mostly made? What other table ? 
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CHAPTER XX. 
PROBLEMS AND TABLES. 

PROBLEM I. 

TO oomrxBT DsamnSy bto^ into timb. 

Buis I — ^Divide the d^rees by 15, for hours ; and multiply ttie 
ii;inainder. if any, by 4, for minutes. 

2. Divide the odd minutes and seconds in the same manner by 
15 for mmutes, seconds, &c^ and multiply each remainder by 4, 
for the next lower denomination. 

Example l.-Conyert 82'' 34' 45" into tmie. 

Thus, 32**-v-16=2h. 8' 

34 -T-15= 2 16' 

45 -^16= 3 



Ans. 32° 34' 45'=2h. 10' 19' 

Example 2. — If it is 12 o'clock at this place, what is the time 
20° cast of us ? 

Thus fifteen in 20°, once, and five over ; the once is 1 hour, 
and the 5 multiplied by 4, gives 20 minutes ; the' time is then 
1 hour and 20 minutes past 12. 

Example 3. — ^The longtitude of Hartford is 72® 50' west of 
Greenwich; what time is it at Greenwich when it is 12 o'clock at 
Hartford ? Ans. 4h. 61m. 208. 

Example 4. — ^When it is 12 o'clock at Greenwich, what is the 
time at Hartford 9 Ans. *2h. 8m. 40s. 
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PROBLEM n. 
TO CONYERT TIME INTO DEGREES, ETO. 

Rule. — Multiply the hours by 15, and to the product add otio- 
fourth of the minutes, seconds, &c^ observing that every minute 
of time makes j^^, and every second of time ^\ 

Example 1. — In 2 hours, 10 minutes, and 19 seconds ; how 
many degrees? 

Thus; 2h. 10m. 19. 

11. 
30^ 

Add 10 quarters, or ^ of the min. 2 30' 

Add 19 quarters, or | of the sec. 4 45' 

Ans. 32° 84' 45' 

Ex. 2. — ^When it is 12 o'clock at Hartford, it is 4 hours,, 61 
minutes, and 20 seconds past noon at Greenwich; how many 
degrees is Hartford west of Greenwich ? 

Thus : 15 times 4 is 60— added to J of 51, is 72' 46', and 
this increased by J- of 20, is 72° 60'. Ans. 

Ex. 3. — ^A Liverpool packet, after sailing several days from 
New York, finds the time by the Sun 2 hours and 40 minutes 
later than by the ship's chronometer : how far has the ship pro- 
giessed on her way ? 

Ex. 4. — A vessel leaves Boston, and having been tossed about _^ 
in foul weather for some days, finds, that when it is 12 o'clock 
by the Sun, it is only 11 o'clock and 50 minutes by the watch ; 
is the vessel east or west of Boston ; and how many degrees ? 

Ex. 6. — ^The moment of greatest darkness, during the annular 
eclipse of 1831, took place at New Haven, 10 minutes after 1 
o'clock. A gentleman reports that it happened precisely at 1^ 
where he observed it ; and another that it was 5 minutes after 
1 where he saw it; Query, How far east or west were these 
gentlemen from each other, and how many degrees from New 
Haven f 
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PBOBLBlf m. 

ro ri2n> ttbat stars abx ok thb meridian at kins o'clock in 

THE SYBNIKO OF ANY GIVEK DAY. 

RuLC^ — ^Look for the given day of the month, at the bottom 
of the maps, and all the stars having the same degree of right 
ascension will be on the meridian at that time. 

Example 1. — What stars will be on the meridian at 9 o'clock, 
the 19th of Jannarj f 

Solution, — On Map III. I find that the principal stars stand- 
ing over against the 19th of January, are Rigel and Capella. 

Ex. 2. — What stars are on the meridian the 20th of Decem- 
ber f Ans. Menkar and Algol. 



PBOBLSM lY. 
ANY STAR BEING OIVEK, TO FIND WHEN IT CULMINATES. 

Rule. — Find the star's right ascension in the table, or by the 
map (on the equinoctial^, and the day of the month at the top 
or bottom of the map will be the day on which it culminates at 
9 o'clock. 

Example 1. — At what time is the bright star Sirius on the 
meridian f 

Solution, — I find by the table, and by the map, that the right 
ascension of Sirius is 6 hours and about 38 minutes ; and the 
time corresponding to this, at the bottom of the map is the 11th 
of February. 

Ex. 2. — At what time is Alpheratz, in the head of Andromedn, 
on the meridian ? Ans. The 9th of November. 



PROBLEMS AND TABLES. 837 

PROBLEM ¥• 

THE OIOHT A8CEN8ION AKD DECLINATION OE A PLANET BEING 
GIVEN, TO FIND ITS PLACE ON THE MAP. 

Rule. — Find the right ascension and declination of the planet 
on the map, and that will be its place for the given day. 

Example 1. — Venus's right ascension on the 1st of January, 
1833, was 21 hours, 30 minutes, and her declination IQV south; 
required her situation on the map f 

Solution.-^On the right hand of the Plate II. I count off 16*** 
from the equinoctial, on the marginal scale south, and from that 
point, 30 minutes to the left or just half the distance between the 
XXI. and XXII. meridian of right ascension, and find that 
Venus, that day, is within two degrees of Delta Capricorni, neaj 
the constellation Aquarius, in the zodiac. 

Ex. 2.— .Mars' right ascension on the 13th of March, 1833, is 
5 hours, 1 minute, and his declination 24i° north ; required his 
situation on the map ? 

Solution. — I find the fifth hour line or meridian of right ascen- 
sion on Plate III.., and counting upward from the equinoctial 
24i°, I find that Mars is between the horns of Taurus, and about 
6° S. W. of Beta Aurigse. 

Ex. 3. — Required the position of Jupiter and Saturn on the 
i3tb of February and the 25th of May? 



problem VI. 

TO FIND AT WHAT MOMENT ANY STAR WILL PASS THE MERIDIAN ON 

A GIVEN DAY. 

Rule. — Subtract the right ascension of the Sun from the 
star's right ascension, found in the tables : observing to add 24 
hours to the star's right ascension, if less than the Sun's, and 
the difference will show how many hours the star culminates 
after the Sun. 



iS8 AflrrBONOMT. 

ExAMPLK 1. — At wbat time will Procjon pass the meridian on 
the 24th of February f 

Solution, — ^B. A. of Frocyon, 7h. 30m. 338. + 24h. 

81 30' 83' 
B. A. of Sun, 24th Feb. 22 29 1 

Ans. 9 1 32 

That 18 Im. 82ft. past 9 o'clock in the evening. 

Ex. 2. — ^At what time will Denebola pass the meridian on the 
first of April f 

iSfo/ti/»(m.—R. A. of Denebola is llh. 40' 32' 

R. A. of Sun, April 1, 41 25 

Aus. 10 59 7 
That is, at 59 minutes, 7 seconds, past 10 iu the evening. 

Ex. 3. — ^At what time on the first day of each month, fron« 
January to July, will Alcyone, or the Pleiades, pass the meri- 
dian ? 

Ex. 4. — ^At what time will the Dog-Star, or Sirius, culminato 
on the first day of January, February, and March ? 

Ex. 5. — How much earlier will Spica Yirginis pass the meri 
dian on the 4th of July, than on the 15th of May ? 

Ans. 3 hours, 25 minutes. 

PROBLEM vn. 

ro FIKD THE sun's LONGITUDE OR PLAGE IN THE ECLIPTIC, Olf ABY 

GIVEN DAT. 

Rule. — On the lower scale, at the bottom of the Planisphere 
(Map YIII.) look for the given day of the month ; then the sign 
and degree corresponding to it on the scale immediately above it 
will show the Sun's place in the ecliptic. 

Example 1. — ^Required the Sun's longitude, or place in the 
ecliptic, the 16th of September. 

Solution, — Over the given day of the month, September 16th, 
stands 5 signs and 23 degrees, neariy, which is the Sun's place iu 
the ecliptic at noon on that day ; that is, the Sun is about 23 
degrees in the sign Virgo. 
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N.B.— If thA 5 signs be maltipUed by 80, and the 38 degrees be .<wtded to It, it via g?Vb 
M:e loQfitnde lu degrees, 178. 

Ex. 2. — Required the Son's place in the ecliptic at noon, ol 
^.he 10th of March. 

PROBLEM vm. 

GIv^N TB£ sun's LONGnUDE, OR PLAGE IN THE ECLIPTIC, TO FIND HIS 

RIGHT ASCENSION AND DECLINATION. 

Rule. — Find the Sun's place in the ecliptic (the curved lice 
which runs through the body of the planisphere), and with a 
pair of compasses take the nearest distance between it and the 
nearest meridian, or hour circle, which being applied to the gra- 
duated scales at the top or bottom of the planisphere (measur- 
ing from the same hour circle), will show the Sun's right ascen- 
sion. Then take the shortest distance between the Sun's place 
in the ecliptic ani the nearest part of the equinoctial, and apply 
it to either the eusl or west marginal scales, and it will give the 
Sun's declination. 

Example 1. — ^The Sun's longitude, September 16th, 1833, is 
5 signs, 23 degrees, nearly ; required his right ascension, and 
declination. 

Solution. — The distance between the Sun's place in the eclip- 
tic and the nearest hour circle being taken in the compasses, and 
applied to either the top or bottom graduated scales, shows the 
right ascension to be about 11 hours 35 minutes ; and the dis- 
tance between the Sun's place in the ecliptic, and the nearest 
part of the equinoctial, being applied to either the east or west 
marginal scales, shows the declination to be about 2° 45', which 
is to be called north, because the Sun is to the northward of 
the equinoctial ; hence the Sun's right ascension, on the given 
day, at noon, is about 1 1 hours 35 minutes, and his declination 
2° 45' N. 

Ex. 2.— The Sun's longitude, March 10th, 1833, is 11 signs, 
19 degrees, nearly ; required his right ascension and declinp 
^ion ? 

Ans. R. A. 23h. 21m. Deci. 4° 11' nearly. 

problem IX. 
ro FIND THE RIGHT ASCENSION OF THE MERIDIAN AT ANV <?1VEN TIME. 

Rcle. — Find the Sun's place in the ecliptic by Problem IX., 
and his right ascension by Problem X., to the eastwAcrd 6\ 
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nrhich count off the giTen time from noon, and it will show ihe 
riglit asceusioQ of the meridian, or mid-heaven. 

Example 1. — Required the right ascension of the meridian i 
hours, 25 minutes past noon, September 16th, 1833 ? 

Solution. — By Problems IX. and X., the Sun's right ascen- 
sion at noon of the given day, is 1 1 hours 35 minutes ; to the 
eastward of which, 9 hours and 25 minutes (the given time) 
being counted off, shows the right ascension of the meridian to 
be about 21 hours. 

Ex. 2. — Required the right ascension of the meridian at 6 
hours past noon, March 10th, 1833 ? 

Solution. — By Problems IX. and X., the Sun's right asceiision 
at noon of the given day, is 23 hours and 21 minutes ; to tht 
eastward of which, the given time, 6 hours, being counted off, 
shows the right ascension of the meridian to be about 5 hours, 
21 minutes. 

IUmaak. — In this example, it may be necessary to obserre, that where the eastern^ oi 
left-hand extremity of the plaiiisphere leaves off, the western, or right-haucj extremity 
begins ; therefore, in counting off the given time on the top or bottom graduated scales, 
the reckoning is to be transferred from the left, and completed on the right, as if the two 
outaide edges of the planisphere were joined together. 

PROBLEM X. 

TO FIND WHAT STARS WILL BE ON OR NEAR THE MERIDIAN, AT ANT 

GIVEN TIME. 

Rui.E. — Find the right ascension of the meridian by Problem 
XI., over which lay a ruler, and draw a pencil line along its 
edge from the top to the bottom of the planisphere, and it will 
show all the stars that are ou or near the meridian. 

Example 1. — Required what stars will be on or near the 
meridian at 9 hours, 25 minutes past noon, Sept. 16th, 1833 ? 

Solution. — ^The right ascension of the meridian by Problem 
XI. is 21 hours : this hour circle, or the line which passes up 
and down through the planisphere, shows that no star will be 
directly on the meridian at the given time ; but that Alderamin 
will be a little to the east, and Deneb Cygni a little to the west 
of it ; also Zeta Cygni, and Gamma and Alpha in the Little 
Horse, very near it on the east. 

PROBLEM XI. 
TO FIND THE EARTH's MEAN DISTANCE FROM THE SUN 

iluLE. — As the Sun's horizontal parallax is to radius, so i^ 
the setui-diameter of the Earth to its distance from the Su«. 
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By LogaHthms, — As tangent of the Sun's horizontal parallax 
18 to radios, so is the Earth's semi-diameter to her mean distance 
from the Sun. 

VJ&m : 9062M-.8 : : S962 : «5,378,8«9 miles. 

B}f LoQarithmi. 
As tangent of the San't horixontal parallax, 8*^778= 5.6189407 
Is to radius, or 90', =10-0000000 

So is tlie Earth*s semi-diameter, 8962= 8.8979148 

To the Earth's distance, 95,378,869= 7.9769788 

PROBLEM XII. 

PO FIND THE DISTANCE OF ANY PLANET FROM THE SUN, THAT OF THE 

EARTH BEING KNOWN. 

Rule. — Divide the square of the planet's sidereal revolution 
round the Sun, by the square of the Earth's sidereal revolution, 
and multiply the cube root of the quotient by the Earth's mean 
distance from the Sun. 

By Logarithms. — From twice the logarithm of the planet's 
sidereal revolution, subtract twice the logarithm of the Earth's 
sidereal revolution, and to one-third of the remainder, add the 
logarithm of the Earth's mean distance from the Sun. 

ExAMPLB. — Required Mercury's mean distance from the Sun, that ot the Earth being 
95,273,869 miles. 

Mercury's sidereal revolution is 87.969258 days, or 7600548' .8912 : the Earth's sidereai 
f^Toltttion is 865.256874417 days, or i 

81558151'.5 7600548.9 

81558151'a^ 7600548.9 



995916962096952.25 by which diride 57768267575627.21 
and the quotient will be 0.052005106718292, the cube root of which is 0.8870977, and this 
multiplied by 94,881,891, gives 86,727,607 miles, for Mercurv*B disUnce from the Sun. 
This problem may be performed by logarithms in as many nUnutet as the former method 
requires Aours. 

Mercury's Sid. Rev. 7600548'.9 log.=6.880d447 x 9 18.7616894 

Earth's Sid. Rev. 81558151'. Iog.=7.4991802x8 14.99S2604 

H)— 2.7684290 

1.587S097 
Add log. of the Eairth's mean distance, 7.9789788 

Mercury's distance, 86,880,422. Ans. 7.5667S85 

If the pupil have not already learned the use of logarithms, this problem will satisfy 
him of their unspeakable advantage over all other modes of computation. By reviewing 
the above calculation, he will perceive that instead of multyplying 8155815r.5 by itself, 
he need only multiply its logarithms by two I and instead of extracting the cube root of 
0.06800M 067 18292, he need only divide iU logarithm by three/ and instead of multiply- 
ing 0.8S70977, by 95,278,869, he need only add their logarithms together. Ue need not 
think himself a dull scholar, if by the former method he come to the true result in JUt^ 
koure ; nor remarkably quick, if by the latter he come to it iajl/oe nUnuU*. 

PROBLEM Xm. 
TO FIND THE HOURLY MOTION OF A PLANET IN ITS ORBIT. 

Rule. — Multiply the planet's mean distance from the Sun hf 
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G.2831853, and diYide the product by the time of the phiaet'3 
sidereal reYolution, expressed in hoars, and the decimals of an 
honr. 

By Logarithms. — Add 0.1981199 to the logarithm of the 
planet's mean distance from the Sun, and from the sum subtract 
the logarithm of the planet's rcTolution expressed in hours. 

KxAnnjk— Required ttie &urtti*s honrlj motion in ita orbit. 

Log. of JSarth*s diataace=7.9T80T88-f 0.7981799= 8.7ni587 

fiobtrset log. of Earth's rerolntion 8.942S090 

OiTM Earth's horary motion, 68,288 mUes, 4.8848447 

PROBLEM XIY. 
TO FIND THE HOURLY MOTION OF A PLANET ON rTS AXIS. 

Rule. — ^Multiply the diameter of the giyen planet by 3.14159, 
ond divide the product by the period of its diurnal rotation. 

By Logarithms. — Add 4.0534524 to the logarithm of the 
planet's diameter, and from the sum subtract the logarithm of 
Its diurnal rotation, expressed in seconds. 

Earth's diameter, 7924 log. = 8.89S944& 

Add log. of 8600* -i-Iog. of 8.14150 = 4.0534594 



7.9528969 
Subtract log. dlomal rotaUon, SSh. 56' 4'.09 s 4.9858268 



1040.00 mfles 3 8.0170706 

PROBLEM XV. 
TO FIND THE RELATIVE MAGNITUDE OF THE PLANETS. 

Rule. — Divide the cube of the diameter of the larger planet 
by the cube of the diameter of the less. 

By Logarithms. — From three times the Ic^arithm of the 
larger, subtract three times the logarithm of the less. 

ExAMFUi. — How much does the sise of the Earth exceed that of the Moon f 
Earth's diameter, 7912 log. 8.89S2S68 x 8= 11.6948589 

Moon's diameter, 2160 Ipg. 8.8848376 x 8= 10.0080128 

The Earth exceeds the Moon, 49.1865 times. Ans. 1.6918461 

In this example, 7912 miles is assumed as the mean between the Earth's equatorial 
and polar diameter : the former being 7924, and the latter 7898 miles. 

PROBLEM XM. 

TO FIND THE PROPORTION OF SOLAR LIGHT AND HEAT AT EACH OF 

THE PLANETS. 

Rule. — Divide the square of the planet's greater distance 
from the Sun, by the square of the less. — Or, subtract twice the 
logarithm of the greater distance from twice the logarithm of 
the less. 
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ExAHPLE. — How much greater is the Saa's light and heat at 
Mercury, than at the Earth 7 



Log. of Earth's dUtanee 
•* of Mercury's 
Ans. 8.6786 times greater: 



7.9789788 x 2=15.9579476 

7.5667950 x 2=15.1885918 

0.8248068 



PROBLEM XVII. 
TO FIND THE CIRCUMFERENCE OF TUE PLANETS. 

RcLE. — Multiply the diameter of the planet by 3.14159, or, 
add the logarithm of the planet's diameter to 0.49*71499. 

PROBLEM XVIII. 
TO FIND THE CIRCUMFERENCE OF THE PLANETARY ORBITS. 

Rule. — Multiply the planet's mean distance from the Sun by 
d. 283 1853 ; or, to the logarithm of the planet's mean distance, 
aJd 0.1981799, and the sum will be the logarithm of the answer. 

PROBLEM XIX. 

rO FIND IN WBAT TIME ANT OF THE PLANETS WOULD FALL TO THE 
SUN, IF LEFT TO THE FORCE OF GRAVITATION ALONE. 

KuLE. — Multiply the time of the planet's sidereal revolution 
by O.llelTG ; the result will be the answer. 

By Logarithms, — From the logarithm of the planet's sidereal 
revolution, subtract 0.1525150, and the remainder will be the 
Logarithm of the answer, in the same denomination as the side- 
real revolution. 

Required the times, respectiTely, in wliicli the several planets would fUl to the Son aj 
the force oi gravity. 



Planets would fall to the Sun. 


D«ys. 


n. 


H. 


S. 


Logarithms. 




Mercury, 


15 


18 


18 


16 


6.1282686 




Venus, 


89 


IT 


19 


22 


6.5855424 




Earth, 


64 


18 


83 


55 


6.7465857 




Mars, 


121 


10 


86 


8 


7.0208817 




Jupiter, 


265 


21 


88 


85 


7.8206849 




Saturn, 


1901 


28 


24 


4 


8.2157186 




Herschel, 


6424 


16 


52 


1 


8.6706897 






4 


19 


54 


57 


5.6204469 





TKX BMD. 



^" 



To avoid fine, this book should be returned on 
or before the date last stamped below 



1«« ••40 



MARl^ 



53 



o 

H 
CO 
CM 
CO 



(Q 

s 
% 

• o 

•H O 



M 
H 
•< 



M 
H 
•< 

Q 



M 



3 P >'Vf ■' 

15 S IK:^> 



CO 



■1- 




/ 



/■ 






/ 



.# 



^ 



^# 



^ 



s 



5NV 



626170 



/ 






^v 




